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REINFORCING AND THE SUBGRADE AS FACTORS IN 
THE DESIGN OF CONCRETE PAVEMENTS 


A STUDY OF EXPERIMENTAL SECTIONS OF THE COLUMBIA PIKE 


By J. T. PAULS, Associate Highway Engineer, United States Bureau of Public Roads 


experimental road constructed by the United 

States Bureau of Pubhe Roads near Arlington, 
Va., after two and a half years’ service under traffic 
have made possible a number of conclusions with 
regard to the relation between the cracking of concrete 
roads and the character of the subgrade and steel re- 
inforcing. The observations also reveal a number of 
interesting facts with reference to the water-holding 
properties of the soils composing the subgrades and the 
relation between these properties and resulting changes 
in volume. 

It is found that subgrade materials with a large 
percentage of clay not only attain a high moisture 
content during the wet season but retain a high content 
during the dry season. Materials of this character 
subjected to the laboratory test for moisture equivalent 
will be found to have a high moisture equivalent value. 
Subgrades having a large percentage of sand do not 
attain high moisture content. It is also found that 
subgrade materials composed largely of very fine sand 
have high capillarity and that under this condition 
free water will very often be found between the pave- 
ment and the subgrade. 

Subgrades composed largely of clay swell and con- 
tract as moisture is added or taken away. The effect 
of this in the case of swelling is to lift the pavement at 
the edges and on contraction to take away the support 
at the edges. The result is that the slab, acting in one 
case as a simple beam and in the otber as a cantilever, 
is broken at the center by traffic. The conclusion is 
drawn from the observations that subgrades that show 
as much as 10 per cent volume change, by laboratory 
test on an entire sample including coarse material, 
should be covered with a layer of coarse granular 
material, and a pavement laid on a subgrade of this 
character should have a Jongitudinal joint at the center. 
Longitudinal cracks in a pavement indicate an unstable 
subgrade either as to supporting value or movement 
caused by moisture changes. Adding a granular 
material to such a subgrade increases its supporting 
value and modifies the effect of any volume change. 
Pavements on this type of subgrade should be designed 
with a center joint. 

The observations made indicate that es concrete 
slabs will crack transversely because of temperature 
and moisture changes at intervals of from 40 to 60 feet. 
Smooth subgrade surfaces increase the distances be- 
tween cracks, but the thickness of the concrete does not 
affect the spacing of the contraction cracks. _ 

Judging by the experience with the experimental 
sections, pavements reinforced longitudinally will 
develop transverse contraction cracks, the number, 
spacing, and size of which will be controlled by a num- 
ber of factors. If the steel reinforcing is not continuous 
but is separated by joints, it is to be expected that no 
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cracks will form less than 30 feet from any joint, and 
by a suitable relation of the percentage of steel to the 
length over which the steel is made continuous the dis- 
tance may be increased to 60 feet. The position of the 
cracks will be influenced by the strength of the concrete 
and the roughness of the subgrade as well as by the per- 
centage and continuous length of the steel. If the 
spacing of the joints is less than twice the distance in 
which a crack would form, contraction cracking may be 
entirely prevented. If the distance between joints is 
extended, a crack may be anticipated at a distance of 
30 to 60 feet from each joint and the area between these 
cracks may be expected to crack at relatively short 
intervals. With a high percentage of continuous steel 
relatively fine, closely spaced cracks may be looked 
for; with a low percentage breaks in the steel may be 
expected to permit wider cracks to form at considerable 
intervals. Mesh reinforcing in amounts as used in 
these tests is likely to break at intervals and permit 
open cracks to form. 

Attention should be called to the possible danger of 
the use of too high a percentage of ieee edits steel, 
for under such conditions numerous fine transverse 
cracks will develop and there is the possibility that the 
narrow transverse beams thus formed will crack under 
traffic. 

From the results obtained on sections reinforced 
longitudinally it would appear that the practice of 
omitting contraction joints in pavements of this type 
is questionable. It would appear that where longitu- 
dinal steel is used the design should provide for con- 
traction joints from 50 to 100 feet apart with the steel 
designed to prevent intermediate contraction cracks 
from forming. Another method that would probably 
be more satisfactory to the contractor, but which might 
be subject to other objections, would be to make the 
concrete continuous and to break the steel one-half 
inch or 1 inch at intervals where it is desired that con- 
traction cracks shall form. 

These conclusions will, no doubt, be modified in cer- 
tain respects and in others made more conclusive as 
time permits the action of the various factors to 
become more effective. The results obtained thus far 
show conclusively the great importance of subgrade 
investigations in connection with the design of a pave- 
ment. Since the character of the subgrade may vary 
widely in a comparatively short section of road, it 
seems logical that the design should be modified accord- 
ingly so as best to meet the particular subgrade condi- 
tions existing, or that the subgrade should be so cor- 
rected as to make it suitable for a uniform design of 
pavement. 


THE CHARACTER OF EXPERIMENTAL SECTIONS 


The Columbia Pike includes 32 experimental concrete 
surfaces of an average length of 200 feet, varying in 


such features as the thickness, reinforcing, and cross 
section of the slabs. The nine types of cross section 
used are shown in Figure 1, the principal dimensions 
and characteristics of each in Table 1. All sections 
were made of Potomac River aggregate and cement in 
the proportion of 1:2:3. 

Generally speaking, the subgrade was very stable. 
The old macadam construction, loosened, reshaped and 
compacted, served as the base of some of the sections; 








others, on account of changes in grade, were laid 
directly on the earth, with the exception of two see- 
tions, Nos. 9 and 28, which were laid on a base con- 
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The results of these determinations are recorded in 
Table 3. 

Besides making these moisture determinations, the 
condition of the pavement has been observed and a 


record has been kept of the cracks that have formed. 


The results of these observations are recorded in 
Figures 2, 3, and 4, which show, in addition to the 


record of cracks, the average, Maximum, and minimum 
moisture determinations and the analyses of the sub- 
erade materials. 

The general condition of the experimental sections at 
this time is good, Certain sections, such as 1 and 29 
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Fia. 1.—The types of cross seetion and characteristies of sections of the Columbia Pike 


structed of cinders. Sections 30, 31, and 82 were built 
on a heavy fill in new location, The nature of the soil 
underlying each of the sections is represented in detail 
by the analyses of samples taken every 50 feet at the 
time of construction. These analyses are reported in 
Table 2. 

Capped pipes were embedded in the concrete at in- 
tervals when the concrete was placed, and at various 
times since the pavements were completed samples of 
the subgrade material have been extracted through 
these pipes for determination of the moisture content. 


between stations 101 and 103 and stations 105 and 108, 
which have cracked badly, may give trouble later. 
Section 9, a 4- inch plain concrete section on a cinder 
base, is badly cracked over a small area in the vicinity 
of a joint. "The slipping of the conerete at this joint, 
due to the fact that the joint had been placed off the 
vertical at the time of construction, may be held re- 
sponsible for the failure of this section. Other than in 
these cases the experimental sections are in such con- 
dition as to require only the regular periodic joint and 
crack repair customary on this type of road. 




























Reinforcement 
ee | Thick | 
tion Static Type 1 le a Fs Sr 
No. Station Type nbs 
| | Longitudinal Transverse 
| | | Inches | 
L | 27+55 to 20+55......._| I | Bee il Wonees- 225 < ec None_.--. 
2 | 20+55 to3i+55.-..-.| I | 6 | None_. None... ns 
3 | 31-455 to 33405...) II 7 | None__- or MP tA ae 
4 | 33455 to 35-+55..__..-| II 8 | None.__- None_____- 
5 | 35+55 to 39+55__._._.- (eae 6-7 | None_- t INOn62—-2.~ es 
6 | 39-++55 to 414+55_____- 5) Er 6 | 25 pounds per 100 square foot mesh__- 
uy 41+55 to 48+-55___ __- -| II 6 | 50 pounds per 100 square foot mesh____- 
8 | 43-+-55 to 454+-51_______- I 7-8 | None ae Nonees=)_— =. 
9 | 45+-51 to 47-+55____--__| II 4 | None None 
10 | 47-++-85 to 49-+-55__.-.-..| IV 6 | Noné:.:.. = Wone..-2-s2 3 
ll | 49-+-55 to 51-+-55__......) I 8-9 | None__--_- WOOO sos a eee 
12 | 51-+-55 to §3-++55.....-..| [IV ii) MNONGs 6s n ah SONG: 5 ge Sees 
13 | 58-+-55 to 55+55...._---| IV 8 | None__.- None_.-_-- ‘ 
14 | 55+55 to 59-+-55_ 1 6-7 None- None ae 
15 | 59-455 to 61-445 IV | 6 | 8 inch round %¢-inch reund rods, 
| i rods. inches center 
| | center. 
16 | 61-455 to 638--55.5__ IV 6 ‘(cee 3¢-inch round rods, 
| . inches center 
| | center. 
) 17 | 63-++55.5 to 65-+-56.5_ IV 6 | do ’@-inch round rods, 
inches center 
| . center. 
| 18 | 65+-56.5 to 67-+-56.5 _- IV | 6 | 4 lo-inch round | None 
rods. 
} 19 | 67-+-56.5 to 69-++-56.5. IV 6 | 4 34-inch round | None 
| | -rods. 
| 20 =69-++56.5 to 714+-56.5- LV | 6 4 l-inch round None __- 
| rods, 
21; 71+656.5 to 73+56.5 V 6 | None None 
22 | 73+-56.5 to 75-+-56.5 - V S| SNOMG se eee None._.-- 
| 23 | 75-+56.5 to 77-+-56.5 - Vi 6 | & 34-inch round | None. 
| | | rods. 
24 | 77+56.5 to 79-+-57__ W 6 | do 3¢-ineh round rods, 
1 inches center 
} | ; center. 
j 25 | 79-+57 to 81+50____ VI 6 | None : None a 
26 | 81-++50 to 83-+-50___- VI 6 | 8 3q-inch round | None 
| rods 
| 27 | 83+-50 to 85-++50____. VI 6 | do | 3¢-inch round rods, 
| inches center 
| | center. 
28 | 854-50 to 87+00____ lil 6 | None | None 
| | 
29 | 87+00 to 108+00____- : I 6-7 | None-_-_-.- _| None 
| 30.) 108-++-00 to 110-4-00__- VII 6 | Shown on plan, Lee 
be igo: 
31 110-++00 to 112--00_ VITl 6 | 14 af inch round | '9-inch round rods, 
rods. inches center 
center. 
| 32 , 112-+-00 to 115+50__...., LX Cutlets, cS ts ee Ons pe: 
_ 
CHARACTERISTICS OF STEEL REINFORCING BARS 
| The steel reinforcing bars used in the various rein- 
forced sections were ‘deformed round bars made of 
billet steel for concrete reinforcement, intermediate 
grade, conforming to A. S. T. M. standard specifica- 





tion ‘A1S— 14. The mesh reinforcement consisted of 

main members held together by secondary members at 

right angles to and twisted about the main members. 
The 1-inch rods used were not tested. Tests of the 





three-eighths, one-half, and three-fourths inch rods 
revealed the characteristics shown in the following 
table: 
Area of | : | Elonga- : 
Size of rod | cross~ | canner tion in ee 
| section | S%eP8'2 | ginches | P' 
| Bid a! sf 
| Pounds Pounds 
| Square §\ per square | per square 
inches inch Per cent inch 
s-inch . | O.11 | 72, 750 | 22. 6 49, 100 
inch a Steel . 20 75, 550 22. 6 17, 750 
34-inch ns | 44 | 77, 950 25.0 45, 500 


THE AMOUNT AND EFFECT OF SUBGRADE MOISTURE 


Marked variations were observed in the moisture 
content of the subgrade under the various sections and 
in the length of time that high percentages of moisture 


TaBLE 1.—Dimensions and characteristics of experimental sections 








Joints Concrete ribs 
oe = 33 Constructed 
| Longitudi- Longitudi- base 
aie Transverse sods Transverse 
None._._-- None__- None None_____- | None. 
| None_.___.. None None... None- | None. 
} None-=_- None___- None___.--| None ; None. 
.-| None_- Nonpe.2.22>-s-..-) None. .--| None: | None. 
| None_.. None.__- None.._- None. | None. 
None_...-- INOMG.=-3. oes 5ce None__._--| None____.- __| None. 
| None_- None_-_-- NOnie=.5-5- None- .| None, 
.-| None.- None____-- 2 None._-- None -| None. 
, Cc enter. 30 feet center to , None- None | 6-8inch cinder, 
center. 
Eo fe eee None__- None None None 
| None_. None___- None None _| None. 
Center None._-- None None- _| None. 
pase None None None None. 
None__- None___. None None .| None. 
i2 | Center None None None_- | None. 
to 
18 |___do None__-. None None None. 
to | 
24 do None None None | None. 
to 
do None None None_- .| None. 
EEC Ce) None None None None. 
: 7 ; 
|. 2d None None -| None__-- | None. 
fe AGa, . aat IN'ONG..< 4 22-b. 5 DE TIO Nn) UN OUGE 2 ob oreo we None. 
fe a OSsa ee! MONO rece. _do _.| None- pase One. 
ap: None_- _do None None. 
18 | _.do | None... : olopaeee IN OMAR yee asec ce None. 
to | | 
-do___..--] None 4 Types | None. s222 5.2.2 | None. 
oe aerate | None 3 eels Ser ee None..--- None. 
i | | 
1S so None 2500: Ss IN'GRG==.ce- se oeaes None. 
to | 
-do | 30 feet center to | None None..---- 6-8 inch cinder 
center, | 
| None_- . None__- ..-. None None | None. 
--| Center 20 feet center to | 6 type B | 9% feet 10 inches | None. 
j center, center to center. ‘ 
1S) 2-5 00E, None 2 type A | None. : None, 
to | 
asd¢ None soecteane} INODE-..-|| None _ None. 








were retained after the advent of dry weather. The 
highest percentage of moisture rec corded was 43. per 
cent between stations 105 and 108, while the lowest 
percentage observed at the same time was 8.2 per cent 
in section 16. The highest moisture content found 
during a dry period was 28 per cent in section IL and 
the lowest observed at the same time was 5.5 per cent 
in section 29. These figures show that the subgrade 
in some locations may be almost free of moisture 
while at the same time the subgrades in other sections 
may be almost saturated. This occurs in portions of 
the subgrade where conditions other than the subgrade 
materials are the same. In view of the change in the 
supporting value of certain subgrade materials on 
addition of moisture, it would seem very important to 
determine how those subgrades compare in their 
supporting value with other materials that do not 
attain such high moisture content. 

The subgrade materials which show high moisture 
content are found to be those materials which have a 
high percentage of clay. Sections 4, 10, 11, 32, 31, 30, 
and section 29, between stations 89— Of, 93— 99, and 103— 
108, have subgrades of this type. Moisture determina- 
tions on these subgrades not only show high content 
during the wet season but also show a large amount 
retained during the dry season. 
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TABLE 2.—Analyses of subgrade materials—Sam ples oblained from Tasun 2.—Analyses of subgrade materials—Samples obtained from 


























































































































the top 6-inch layer of finished grade along the center line of the the lop 6-inch layer of finished grade along the center line of the 
pavement pavement—Continued 
ls gy | ‘5 
Mechanical analysis ! : Se Mechanical analysis 1 Fe |gg 
a ae a2 a | =I oF) fa 
@| & | Sal 5 !6| 2 \gal\ 3s 
a| 3 (os (a 582) 4 
Coarse any 4 | 2% |S8| 8 Coarse Sand | 3 a oA) 5 
, Station Material S| z ae g 3 Station | Material | o ia | ‘ 
SS oe ee | > {>a} S 4 7 eee ae igh ee 
“ lee ta ce.|2e./2./2 B| lee a - Pal/ tao jo so _ |g a G lea| S 
i PS iSe aglog Saline Ne ie (egice 2 eal e ee Bgingloa Saige) |, || s i88) & 
Be; ray SHl/sgliig|/i sis AN ip ee a @\ elec) 3 3 ‘sa 34 aes Poise Tels 2 @\3 BE.) 3 
o a A or Bod Ra oS S| s |om A ON erat emus A [ieee = | el | 
Z) ea | ot] Se |S AS RS eR ete loieeica) Soe h Ee Jae | ele RStCAlShl Fi olalo 4 = 
| Be pee ee Se A ee) ee | ee Ee = a a ce ie ST ae es 2 hee ad Sa 
| | | | ! | | | 
Per) Pen) Per | -Per Per | Per | Per | Per| Per| Per| Per Per | Per | Per Per | Per) Per | Per | Per| Per | Per|Per | 
cent | cent | cent | cent | cent | cent | cent cent cent|cent| cent cent | cent | cent | cent | cent | cent | cent \cent) cent cent cent 
1 | 284+00_._| 18.5 4.8) 4.9] 20.2 6.4) 6.4) 13. 4/25. 5] 9.2/18.0/10.3/17.0 24 | V | 77+50__.| 4.4) 0.8) 0,8) 18.4! 13.8] 20.3) 14. 8)26. 7| 9. 8/26. 0}10. 9/12. 0 
| 28-+50 67.9) 5.8 3.4] 10.3) 2.7] 2.8 4.0) 3.0) 1.6) 4.6) 0.0] 2.0 78-+-00.../ 8.0) 82) 7.2) 31.5] 11.3) 10,8) 14.6) 8.2) 3. 1/22. 3) 0.0) 3.0 
| 29+-00___| 35.6] 29.8) 7.2) 6.8) 1.8) 2.8 6.4) 9.6) 4.7) 9.2) 4. 1/120 78+-50_..| 30.8) 10.6) 6.2) 23.6) 5.2) 5.9) 8. 2| 9. 5] 3. 9/15. 1) 0.0) 7.0 
20-450... 25.3) 13.9) 2.8) 23.5] 11.4, 6.0) 4.9)12.1) 6.3/15. 9] 4. 3/10. 0 79+-00__.| 22.7} 6.5] 5,4) 28.8] 7.8) 7.1) 10,4/11.3) 4, 7/18. 0) 0.0] 6.0 
2 ia | 30-+00__ 6.8! 11.0) 5.7] 24.6 9.8) 9.0) 14. 7/18. 4) 7. 6/16. 9) 5. 4) 9.0 | | 79-+-50_..| 32,2] 9.1) 5.5; 21.9) 5.5) 6.5) 9, 8| 9.5) 3, 2/14. 7) 0, 0) 6.0 
30-+50-.- 9.4) 11.2) 19.8) 41.0 19) 1.6, 4510.4) 54/111) 0.0/3.0 25 | VI | 80400... 4.8) 4.2) 5.6) 32.0) 11.6) 11.4) 19.5/11.0) 4.8121. 7| 0.0) 3.0 
31-+50___| 51.6] 20.9) 2.8) 9.8) 2.2) 3.0) 4.5) 5.2) 4.3/10.3) 2 5] 9.0 80+50.../ 15.0) 5.4) 3.3) 25.1) 9.9) 9.2) 16.415. 7) 6. 6/20. 5) 0.0) 8.0 
3 It | 32450___| 66.3) 9.2) 4.7) 11.4) 43) 4.2) 6.4) 3.5) 1.3) 5.0) 0.0) 3.0 | 81+00...| 4.4) 2.1) 2.4) 20.5) 9.9] 11.4] 23.0/26.1) 97/22. 1) 0.0) 7.0 
| gay! 38. 2| 21.1) 3.2) 15.5) 4.6) 5.8) 6.8] 4.7) 2.1] 7.7] 0.0] 4.0 |. 81+50_..| 22.4 8.2) 5.6) 25.8) 6.6, 8.1) 9. 2/140) 5,015.9) 0.0) 4.0 
4 II | 33-- 50... -| 36.0) 9.91 6.0} 23. 3) 4.5) 4.0) 6.8). 9. 5] 4. 6/10. 6; 0.0! 7.0 26 | VI | 82+00..-| 81) 3.7 2.6 17.5) 8.7} 10.1) 20, 5/28. 8) 9.9)21. 0) 8. 6] 9.0 
| | 34-+-00___| 11.0] 8.6] 11.5) 29.8) 7.1) 6.2) 12.9/12.8) 6. 7)17. 9] 0.0) 9.0 82+50.... 0.0) 0.3) 0.4) 9.7) 4.9] 8.3) 31. 0/45. 4/15, 5/28, 4)11. 516. 0 
| 344+50.-_) 6.0) 8.3) 4.5) 23.3 7.3 10.5) 22, 5/17. 5/10. 7/18. 2) 0. 0)10. 0 | 838+-00.... 0.0, 0.3) 0.5) 14.7) 7.9) 11. 5} 30. 9/34. 2/12, 0/22. 7) 7. 8/12. 0 
| 35+00.__| 20.8) 4.4) 4.3) 18,0) 7.8) 8.8) 21. 5/14. 4) 8. 1/17. 6) 0. 0/11. 0 27 VI | 88+50_..| 0.0) 2.1] 0.3) 13.4] 6.5) 9.7) 23. 2/44. 8/17. 2/30, 4/16. 528. 0 
Aa I 36-+-00_. 28. 2/ 11.9) 9.8) 23.4) 8.5) 87] 6.7) 2.8) 1.4) 8.9) 0.0) 2.0 84-++00._-| 0.0! 0.4] 0.8] 15.2) 7.1) 8.4) 20. 1/48. 0/16. 7/27, 4/12. 0/21. 0 
| 37-+00_..| 46.6] 5.3] 5.2] 20,7) 5.3] 4.9) 6.7 aaa 2. 4) 8.9) 0.0) 4.0 | 844-50.... 2.3) 1.0) 0.9) 17.0) 8.3) 10.4) 27, 8/32.2) 9. 6/23. 3/12. 8! 9.5 
Pa [| 388+50.. | 42.6) 7.6) 6.9) 24.6) 6.6) 6.1) 3.9) 1.8) 0.9) 8.5) 0.0) 2.0 | 85+00... 9.2) 4.1) 28 15.6) 6.0) 7.0) 25. 2/30. 2) 7. 8/27. 1/11, 9) 8.5 
39+50..-| 53.6) 7.1) 4.2) 12,4) 4.6) 4.4) 7.7) 6.1) 2.4) 5.7] 0.0) 3.0 291 | I 88+00...| 21.4) 7.3) 6.2; 20.2) 7.6) 8.9} 11.1) 8.3) 2.5)17.7) 0.0) 4.0 
6 | ILE | 40+00.._| 35.4) 9.8) 5.1) 17.5) 5.5) 6.7] 10.8) 9.4) 3.7) 9.5) 0.0) 6.5 88+50... 7.0) 6.0) 7.1) 27.8) 8.6, 10.2) 18.1)15.2) 6.7251) 0.0110 
40+-50-2-| 50.5) 6.2) 2.5) 12.1) 4.9) 4.1) 9. 9/108) 4.4) 7.5] 0.0] 5.5 299 I | 89-+00_..| 30. 0 5.8) 4.8) 22.5 6.0, 6.6) 10.9/13, 2) 5.1)17.9 7,011.0 
| 41+00___| 23.8) 6.2} 4.6, 22.6) 7.8) 9.7) 14.3/11.1) 5. 6(16. 7] 0.0) 9.0 | 89+50..., 15.9) 5.9! 5.7) 24.8) 7.1) 9.0} 16.614.9) 6.3)22.8) 7.5)10.5 
| 41--50__./ 28.8 9.1) 5.2) 20.7) 6.3) 7.5) 11. 9/10. 5) 4. 2/10. 5) 0,0) 6.0 90+00..-, 8.3) 8.2) 8.5] 33,2) 8.0) 9.1) 14.6)10. 2) 3, 5/22. 6) 0,0) 6.5 
7 IT | 43+50-_-| 37.3) 9.1) 5.3) 16.5) 4.4) 3.4) 5. 7/183) 7. 7/18.1) 5. 1/110 90-+50.../ 91.6, 0.3) 0.7) 17.0) 8.5) 9.2 20. 7/42. 0/13, 7/35, 9,12, 3/18, 0 
Ss It | 44+00_.-) 35.1) 4.9) 3.0) 14.3) 5.6] 6.1) 14.3/16.7) 6. 8/10. 3) 0.0) 4.0 | 91+00_.. 32.0, 6.0) 2.6) 18.8) 5.7) 5.2) 9,819.9) 7, 3/20, 2) 7, 1/12. 0 
44-+-50_«| 22.0) 6.2) 4.8) 27.1] 9.6} 10.6) 12.3) 7.4! 2.7) 9.8) 0.0) 2.0 295 [ | 91+50...) 85.8) 4.5) 2.7) 23.4) 5.4) 3.8) 9. 1)/15.1) 6.5)13.8) 4. 7|11. 0 
45+00_=-| 30.6] 5.3) 4,4) 20.9] 8.4) 6.8) 11.0/12. 5) 4, 2}11. 5) 0.0) 4.0 | 92+00... 31.2 10.38) 5.9, 21.9) 4.5) 4.6] 7,014.4) 4.7/15.8) 0, 0/11. 0 
| 45-+50_.-| 39.4) 9.1) 5,5) 18.7} 5,1) 6.2) 8.4) 7.7) 3.1) 7,8! 0,0) 6.0 : | 92+50.... 28.5) 4.9) 3.8) 21.4) 6.3) 5,1] 12.1/18.3) 5.8)19.7) 61/10. 4 
10 | IV | 48+00_ --| 30.0 6,5) 2.9} 138. 5 5. 1 5. 7 11. 5/24. 7) 9. 8]14. 9) 8. 3/10. 0 204 1h | 93+00..., 29.0 5.8) 3.5) 18.9, 5.5} 6.4] 12.2)19.6 7.415. 8 8. 9\18. 0 
| 48-+50__-| 16.7) 4,8) 3.4) 16.8 7.4) 6,7) 14. 6/29, 6/11, 7/18. 5) 9, 818. 0 | 98-50...) 27.6 4.0) 2.5) 20.4) 5.8) 5.4) 13, 1/21, 2) 8.3)17. 7) 9.4 LL. 0 
49+00.--) 7.1) 2.8) 2.8) 12.7) 7.0) 9.4) 14. 7/43, 618. 5/27, 7/15. 7/22. 0 | 94400... 19.7 2.2) 1.4 19.1) 6.8 6,8) 17. 2/26. 7/10. 717.6) 7.0)14.0 
1] ] 49+50-._| 6.9) 6.2) 5.0) 26.2) 6.3) 7.5] 14. 3/27. 5/11, 7/21. 9] 9, 816.0 | 94450... 34.8 3.1) 1.8) 18.6) 6.6) 5.5} 10,3)19. 2) 8.0)17.3) 7.8)17.0 
50-+00_..) 21.4 6.1) 2,9] 15.6 6.8) 7.2) 18. 7/26. 3/10, 9/18, 0/10, 0,13. 0 295 I | 95-+00.-. 26.5, 81) 7.7) 24.2) 7.1! 7.4) 12,0) 6.9) 2.6/13. 8) 0.0) 7.0 
oe | 50-+50°-| 26.7) 8.1) 4.1) 16.4) 6.2) 8.1) 11. 6/19. 0) 9. 3/15. 1) 5. 9)14.0 | 95-+50.... 6.4) 4.2) 5.9 27.7! 7.1) 7.6} 19, 521.8) 9. 2/24, 5 6, 9/11. 0 
12 | IV | 52+00_--| 18.1 5.6) 5,2) 20.8) 8.2! 8.6) 17.4/16,1 9, 9/18. 4) 5. 2112.0 | | 96+00.... 7.6 4.5) 11.1 29.6) 8.8) 12.5] 17.5 8.4) 4020.3 0.0) 7.5 
52+50_--) 8.2) 11.3] 10.1] 30.0) 8.7 10.9) 12.7) 8.0) 4, 8/14. 6) 0.0) 8.0 96++50.... 34.8) 6.2) 4.2) 13. 8| 3.0] 3.5) 12. 7/21.8) 7. 7/14,8 5, 612. 0 
13 IV | 54+50__-| 27.4) 5.2) 5.4] 22.6) 8.4) 7,4) 11. 7/11.9) 5. 9/12. 7) 0.0) 6.0 : | 97+00... 41.9) 4.4) 3.9) 14.4) 3.7) 3.9) 11.3)16. 5) 6.6/15. 4) 5,610.0 
| 55-+-00_.-| 31.2) 5.7) 4.1) 19.4) 7.8) 6.4] 10.3)/15.1) 5. 6/12, 6| 3.5) 9.0 296 I | 97-+50.-| 29.7) 6.8! 5.5) 20.9] 3.5) 4.3} 10. 9/18. 2! 6. 3/15. 0} 5.9) 8.0 
55-+50_--| 29.8) 6.5! 5.0) 20.6) 5.2 7.2) 9. 7/16. 0) 6. 2/12. 7) 4, 6/12. 0 | 98+00_-| 40.3) 4.6) 3.7 19. 7 3.9] 3,6) 10. 4/13. 7) 5. 8/12. 7) 3.2) 8.0 
141} IT | 56 +00- .. -| 28.9) 5,2} 3.8) 24.8 6.6) 6.9) 9.3)14.4) 7. 1/15. 9) 5. 9/12.0 | 98+50.. 34.0 6.2) 4.8) 194; 5.4) 5.2) 11.5,13.3) 5, 7/15. 1) 5.3/10.0 
56-+50_--| 3.2) 0,2) 0.5] 48.0) 9.0) 6.9) 9. 5/22, 8/19. 0/40. 0/12, 7/25. 0 | 99+00_. 44.2 9.2) 4.8 15.0 3.3] 3.6) 8.6)11.3) 5,512.5 3, 3/10. 0 
57+00_.-| 17.7) 2.8) 2.6) 35.9) 7.1) 5. 7 9, 3/18, 9/12, 2/21. 9) 9. 1)27. 0 297 I | 99+50_-) 35.3) 6.9) 3.4) 20.7) 3.6) 3.8) 9, 5)16.6) 6.717, 1) 5. 8/150 
149) LT | 58+50_<-) 37.8) 8,6! 8.3) 19.0) 5.5] 5.2) 8.0) 7.5)14.2) 8.7) 0.0) 8.0 | 100+00._) 46.3) 11.7) 5.2) 18.1) 2.3) 2.6) 5.4) 8.4) 3.8) 9.2) 0.0)10.0 
59-+-00_--| 30.4) 8.9) 8.7) 24.2) 7,2) 6.5) 8.1) 6.1) 2.8) 9.5) 0.0) 7.0 | 100+50__| 26.7) 3.G) 3.5) 24.0) 5.8) 5.5} 12. 9/17. 5| 8. 8)20. 5) 7. 9)18.0 
15 | IV | 59+-50_.-| 27.4) 6.6) 5.6) 27,2) 5.8} 6.2) 8. 1/12.9) 7. 6/13. 2) 3.9)16.0 | 101+00..| 32.8) 4.2) 3.9) 21.1) 4.0 4.6} 10. 7/18. 7) 83/15. 4) 4. 7/14. 0 
160 | IV | 624+60._-| 21.1) 8.7) 6.0) 23.4) 7.3) 8.7] 9. 7)15.0) 6. 9)11. 5) 0.011. 5 295 | I | 101+80__| 24.4) 167) 2.1) 13.8) 4.9] 8.2) 20,3)24. 5/14. 9/23, 5) 9, 5/40. 0 
17 | IV | 64+50__-| 31.8) 9.2) 3.8] 20.5) 4.5] 4.7] 10. 5/15. 0) 6.4) 9.8) 6.6] 8.0 —-102+00.-| 23.4. 21) 22128 5.6 7.4) 19.427.114.521.5 9,046.0 
_ | 65-++60_.-) 29.6 7,6) 4.5} 25.8 6.8) 5.7) 9610.4 4, 1/11. 6} 0.0) 6.0 | 102+-50__| 22.6) 2.3) 17) 15.2) 6.9) 8.3 19. 4 23. 4 10. 6 16. 5. 6, 7/18. 0 
i8 | TV | 66+00_--_| 19.6) 7.8} 4.5) 29.6) 7.7) 7.5) 12.0)11.2) 5. 1/12. 9) 0.0) 6.0 108+00_-| 8.1! 2.8) 3.8) 26.0 7.6 9.4) 21,9/20,2) 9, 4/26. 3) 9, 4/16,0 
| 66-+50_.--| 15.8 7.7) 6.2) 31.0) 6.5, 7.7] 11.9)18.3) 5. 4/12, 8} 0.0) 8.0 295 I 108-++50_ -| 26, 5! 2.4) 1.6) 10.8) 4.3) 5,3} 19. 7/29. 3/19, 2/29, 9/14. 0/61. 0 
67--00____| 18.6) 9.9) 5,8) 26.4) 7.8) 7. 2) 18.5)10.7) 5, 5/12, 2) 0.0) 3.0 | 104+00--| 9.1 0.4) 0.0 4.8 1.2) 7.9| 48.7 27.831. 4) 3. 1/16. 0/42. 0 
_ | 674+-50_..-| 82.6) 12.0) 6.7) 22.4) 4.2) 5.2) 8.2) 8.5) 4.8) 8.7 0.0) 8.0 | 104-50. -).15.1; 0.3) 1.8) 6.1) 4.7] 18.4 33. 2 25. 3 26, 0/35. 7/14, 5.64, 0 
19 TV 68+00___.| 16.9). 7.2) 4.2) 24.3) 9.8] 13.2) 10. 6/13. 8) 6. 5/11. 7/ 0.0] 9.0 105+-00__| 24,.2)° 1.5) 1.2) 8.2) 43) 68 18. 7.35. 021, 0)27, 7/15. 2'67. 0 
68-+50....| 5.8 1.9] 2,9) 25,0) 15.4) 17.1) 14, 5/17. 4) 6. 3)18.5 0. 0/10. 0 2910 I 105+50-_| 16.0, 3.6 1.8 11.0 4.6) 8.0) 283.031.921.830. 5)17. 1/65. 0 
69+00....| 9.5 3.5) 2.6) 26.9 18,4) 13.4) 15. 6)15.1) 6. 7/12. 8) 0,0) 8.0 | 106-+00__| 32.8) 5.1) 3.7) 13.3) 4.4) 61 14, 6 19, 9:11, 8,19, 9 13, 2.32. 0 
69-+-50___-| 10.8) 3.5) 3.0) 24.9, 9.7) 9.5 16, 3/22.4) 8..0/13. 9] 4. 6| 9.0 | 106-+50_-| 22.9, 2.1) 2.1) 11.4) 4.3) 8.6) 20, 8/27. 7/17. 8/27, 1/14. 8/47. 0 
20 | IV | 70+00....| 8.8) 4.2} 2.9] 31.8) 12,9] 16.1) 11,1/12; 7] 4. 4111.5] 0,0) 6.0 | 107+00_-| 19.8, 4.3) 4.9) 18.2 8.6 9.9| 21.212.9) 9,419.7) 4.8)15.0 
70+-50_..-| 21.7) 8.0} 5.8) 29.1) 7.3] 6.2) 10,4/11.5) 5. 5112.7) 0.0) 7.0 | 107+-50.-| 4.7) 3.2) 4.0) 21.2) 9.2 16. 7| 27.018. 9) 8,325.8 7. 4/24, 0 
71+00-2._| 21.6, 7.4! 5.7| 27.2) 6.8! 7.7] 11. 6/11. 9) 5, 4/13. 8) 0.0) 9.9 108+00.-| 5.4 6.7) 4.2 20.7 7.7) 18,5) 19. 9/21. 8) 9, 2/23. 4 9. 8/10. 0 
71+-50...-| 12,4] 3.5} 2,3) 18.7) 4.6] 65.6} 22, 2/30, 5/10. 3/14. 6] 5.5! 9.9 30 | VIL | 108+50_-] 5.9) 1.3) 3.3) 10.4) 3.4; 5.0; 22. 1/48. 5/31. 7/39. 2/22. 1/73. 0 
21 Vs| 72+-00__-.| 17.6; 2.1) 1.6) 17.5) 5,4) 6.4) 25. 9123. 4) 7. 8/13. 6; 0.0) 4.0 109+00__| 13.2) 3.9} 3.3) 8.2) 2.9) 5.4) 20. 7/42. 3/23. 1/31. 7/19, 1/82. 0 
72+50._--| 18.1) 5.8) 4.6) 26.8) 9.2) 12.0) 13. 4/10. 0/22, 6/11. 0} 0.0) 3.0 109-+50__| 22,0} 7.5! 4.5) 19.3) 6.7) 10.2) 10.9)18.7 9, 815.5 6. 0/13. 0 
73+00..../ 9.0) 6.3) 6.8) 31.9) 8,6) 10.9] 16.0/10.3) 4. 4/13, 7| 0.0! 4.0 31 -VIUT} 110+00__) 19.5) 8.6! 5.7) 30.0) 7.1] 5.9) 8.0:15.2) 6.6)16.6 4. 4/10.0 
| 73+56.5.-| 33.8] 8.2/ 5.0) 21.8) 6.4) 6.1) 9.4] 9.2) 4.0/11.1/ 1.8] 8.0 110+50._| 12.2) 3.4) 2.9) 16.1, 10.2) 14.8) 15. 5.24.8) 9.8/18.3) 7. 0/13. 0 
22 V | 74+00__--] 12.8) 6.4] 3.9) 25.0) 10.8) 10.4) 13. 8)16.9! 6. 7/15. 1] 0. 0) 7.0 111+00__| 8.3] 3.3] 1.6) 13.9] 17.3] 18.4] 14. 9/22. 1/10. 521.1) 7, 8)12.0 
74-+50_.--] 10.7) 4.6) 2.8) 24.4) 13.7) 14,6) 12, 4)16.9) 7. 7/15. 7) 5.1) 9.0 | 112-+-00__| 24.3) 12.2! 5.6! 20.7| 6.0) 7.5) 89/148 5. 918, 4) 0. 0,12. 0 
75-+00_..-| 10.6; 5.7) 4.0) 26.5) 11.0) 16.1) 11.9)14.2) 5.0/18. 5) 0.0) 8.0 321 IX | 112+50__} 11.6, 2.0) 2.3) 13.2) 6.6| 11.7) 18. 9/33. 5)14. 9/21, 9/10, 2/27. 0 
75-+50__._| 32.6) 8.2) 4.8] 28.4) 5.1) 3.9) 6.5/10.4 5.4) 8.0} 0.0) 8.0 113+00_-| 9.4; 1.1] 1.6) 5.5| 2.9] 12.5] 24.0/42, 9129, 3:36. 6,20, 8110.0 
23 | V | 76+-00...-| 3.3) 1.5) 1.3) 27.0) 19.3) 20, 8) 14. 5/12. 1) 6.4/17, 1) 0.0) 9.0 118+50_-] 24.5) 4.1) 3.8 8.4) 1.7) 3.3) 19. 5/34. 7|20. 7/27. 0115. 6/85. 0 
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| | \ | | | | | { | i I | 




















1 Comparing these analyses with those of the soils examined by A. C. Rose as reported in the article entitled “Practical Field Tests for Subgrade Soils,” Pusric 
Roaps, volume 5, No. 6, August, 1924, the following differences will be noted: The analyses here reported were made with Tyler standard mesh sieves instead of metric 
sieves, ‘The samples were analyzed just as they were taken from the subgrade without removing the coarse material. Silt, as defined by Mr. Rose, is material finer than 
0.05 millimeter and coarser than 0.005 millimeter; as here used the term refers to material passing a 200-mesh sieve which is not held in suspension by water. Clay, 
according to Mr. Kose’s definition, is material finer than 0.005 millimeter. As here used the term refers to material held in suspension by water. The maximum size of 
particles is approximately 0.010 millimeter, about twice as great as the maximum size of the particles designated as clay under Mr. Rose’s definition. 
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Fig. 3.—Crack record of sections of Types II, III, and IV, mechanical analyses of their subgrades, and subgrade moisture determinations 
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Fig. 4.--Crack record of seetions of Types V to LX, inclusive, mechanical analyses of their subgrides, and subgrade moisture determinations 


Subgrade materials which have a large percentage 
of granular material and very little clay not only take 
up less moisture during the wet season than those 
which are high in clay but also retain less during the 
dry season. This is shown in sections 9 and 28 where 
the subgrade is cinders, and in sections 25, 24, 23, 19, 
and 16 where a large percentage of clean sand is found. 

Whether the subgrade is on a cut or fill has some 
effect on the amount of moisture it will hold. Sub- 
erades through a cut will attain higher moisture and 
retain more of it than similar subgrades over a fill. 
Section 30 on a high fill and 32 in a cut indicate the 
effect of this difference on the moisture content of a 
subgrade. 

The percentage of capillary moisture as determined 
by examination of a subgrade sample by the present 
laboratory test does not represent the maxunum amount 
of moisture that will be held by the particular sub- 
vrade. Comparison of results of moisture determina- 
tions in Table 3 with capillary values given in Table 2 
shows the capillary values to be about 75 per cent 
of the maximum moisture and about equal to the 
values obtained in the subgrade during the warm 
season. This can probably be accounted for by the 
fact that the laboratory test is made at room tempera- 
ture and that capillary moisture inereases as the 
temperature is reduced to freezing. It would seem 
that the laboratory test should be made on the samples 
when they are close to freezing and not, as is now 
done, at room temperature. 

The lack of stability of subgrades which are com- 
posed of materials showing high volume change is very 
definitely shown by certain sections. In the plain 
concrete sections those whose subgrade materials show 
volume change in the laboratory have cracked longitu- 
dinally, while those sections whose subgrades show no 
volume change have not eracked. Section I has 
cracked badly longitudinally. Although the subgrade 
shows some volume change, some of the cracks are 
probably due to one or more springs in the subgrade. 
Evidence of the existence of such springs is the free 
water observed along the edges and im the eracks. 

Section 29, stations 103-105, has a subgrade similar 
to the adjoining sections but at the time of construction 
cement in the proportion of 1 to 28 was mixed to a 
depth of 6 inches with the soil. This section has no 
longitudinal cracks. The high moisture readings in 
the adjoining sections are also obtained in this section 
but much less moisture is retained in the treated sub- 
grade. The effect of the treatment on this section is 
quite evident when compared with the two adjoining 
sections, which have cracked badly longitudinally. 
This treatment has apparently so modified the charac- 
ter of the subgrade that volume changes so destructive 
in the adjoming section have not done any damage in 
this one. It is very likely, however, that a layer of 
einders or other granular material such as coarse sand 
would have provided approximately the same results. 

Materials which undergo large changes in volume 
seem to be those which have a large percentage of 
elay. The quantity and character of this clay, as 
indicated by the adsorption number of the material, is 
also indicative of its action under a change in moisture 
content. Sections which have a large amount of 
granular material, as illustrated by sections 3, 4, 5, 
show no volume change, others show changes as high 
us the 16.8 per cent in section 27. Other sections 
which are high in volume change are 10, 11, 15, 26, 
and 29, stations 89-91, 93--97, 101-108, and sections 


30, 31, and 32. Sections which have high volume 
change havo a high adsorption number, while the 
reverse is true where the volume change is small. 


Tasie 3.—Moislure content of subgrades at intervals since the 
construction of the Columbia Pike 
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4 Free water in subgrade, 
LONGITUDINAL JOINTS PREVENT LONGITUDINAL CRACKS 


Those sectious i which longitudinal jomts have 
been constructed are in all cases free of longitudinal 
cracks, even when the subgrade material, as in sections 
10, 15, 24, 26, and 27, changes in volume. There is 
this distinction, however, that in the section with a 
high volume change the longitudinal joints are open, 
showing that moro or less movement has taken place 
at the edge with the joints acting as a hinge; where 
there has been no volume change, the appearance of 
the joint indicates little if any movement about the 
center axis. 

Transverse cracks resulting from contraction occur 
at intervals which correspond to the distance in which 
the force of subgrade friction becomes greater than the 
tensile strength of the concrete. Unevenness of the 
subgrade such as might be obtained by construction of 
the pavement on rough macadam, for example, in- 
creases the number of transverse cracks by increasing 
the friction between the subgrade and pavement. 

An increase in thickness of the pavement does not 
materially affect the spacing of the transverse cracks as 
eaused by contraction in the pavement. The addi- 
tional strength of the thicker section 1s probably bal- 
anced by the additional friction on the subgrade. 
Types of construction of plain concrete which have the 
section strengthened by additional thickness or thiek- 
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ened edges, although they do not materially affect the 
spacing of transverse contraction cracks, do serve to 
keep down the number of additional cracks caused by 
heavy traffic. ‘ 


TRANSVERSE CRACKING NOT PREVENTED BY LONGITUDINAL STEEL 


One of the purposes of this experiment was to in- 
vestigate the behavior of sections with different kinds 
and quantities of steel reinforcing. The results ob- 
tained to date indicate emphatically that longitudinal 


_- steel, above a certain amount and installed as it gen- 


erally is now, does not prevent transverse cracking but 
does, on the other hand, greatly increase the number 
of such cracks. 

Figures 2, 3, and 4 show that there is a great differ- 
ence in the appearance and location of the transverse 
cracks. In sections 27, 30, 31, and 32, where the per- 
centage of longitudinal reinforcing is large, the surface 
shows transverse cracks every few feet. Sections 30, 
31, and 32 having a higher percentage of stecl than 
No. 27 show a greater number of cracks. The effect 
of the amount of longitudinal reinforcing on the pave- 
ment is further indicated in sections 15, 16, 17, 18, 19, 
20, 23, 24, and 26. In these sections the amount of 
reinforcing is varied; comparing them, we notice that 
23, 24, and 26, each of which have eight 34-inch rods, 
are not cracked so badly as sections 30, 31, and 32 
which have a larger number of rods. Section 20, with 
four l-inch rods, is cracked slightly less than the sec- 
tions which have eight 34-inch rods. Sections 15, 16, 
17, 18, and 19, with reinforcing varying in amount from 
four 34-inch rods to four 44-inch, are free from the fine 
cracks. These sections have open cracks similar to 
those found in a plain concrete section but spaced 
at greater distances (60 or 70 feet). Sections 6 and 
7, which are reinforced with 25 and 50 pounds of mesh 
per 100 square feet, have only the open cracks spaced 
at a greater distance than would ordinarily be found 
in plain concrete. 

From the condition of the reinforced sections it 
would seem that some doubt can be properly expressed 
as to the value of longitudinal reinforcing as it is now 
used in the pavement. The longitudinally reinforced 
sections in this experiment show conclusively: 

1. That longitudinal steel up to a certain amount 
does increase the spacing of the transverse cracks and 
that these cracks are open on contraction. 

2. That longitudinal steel above this amount will 
produce fine transverse cracks spaced in some cases 
only a few feet apart. 


DEDUCTIONS WITH REGARD TO TRANSVERSE CRACKING 


The action of these sections and the results of 
observations on other concrete pavements seem to 
support the following deductions: 

n plain concrete the movement of the pavement in 
contraction is resisted by the friction between the slab 
and the subgrade. This force carried to the pavement 
is very high, much higher than would be expected as 
the movement is very slow. On the average subgrade 
it will crack the pavement in tension at intervals from 
40 to GO feet. In cases where the subgrade is rough and 
offers high resistance to the movement of the slab, trans- 
verse cracks will develop at shorter intervals. An ex- 
treme case of this was observed when a concrete pave- 
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ment was laid on a rough natural rock base, the pave- 
ment being badly damaged by numerous transverse 
cracks. It has been observed that the width of these 
cracks varies directly as the distance between them. 
In cases where the transverse cracks are close together 
and very fine, they become wider as time goes on from 
the grinding and crushing of the edges of the crack. 
This is particularly apt to occur in cases where the 
subgrade happens to be unstable. 

In the case of pavement reinforced longitudinally, 
the resistance to contraction developed by the subgrade 
is similar to that in the plain concrete. Along with 
this force there is the added force developed by the 
bond of the steel. Acting against this pair of forces is 
the force resulting from contraction limited by the ten- 
sile strength of the concrete. Taking the case of a 
slab with continuous reinforcing, we would have as we 
move from one end toward the other increasing resist- 
ance to movement of the slab over the subgrade and 
increased force from the restrained contraction of the 
pavement. These forces increase as the distance from 
the end of the slab or crack is increased until the tensile 
strength of the concrete is exceeded, producing a trans- 
verse crack in the slab. The stress in the conerete is 
thereby relieved, but the steel remains in tension and 
continues to oppose the contraction of the concrete 
beyond the first break. With respect to this section 
of the concrete the stress in the steel is an initial force 
to which the subgrade frictional forces are added, with 
the result that in a comparatively short distance the 
strength of the concrete is again exceeded and another 
crack is formed. Repetition of this process produces a 
series of closely spaced cracks, until the accumulating 
tensile force ruptures the steel. 

If the steel is not continuous and the jomts which 
separate it are close enough together, it is possible that 
there may be no cracking of the slab. This condition 
would be expected in pavements which are separated 
by joints into sections the length of which is less than 
twice the distance required for the formation of a first 
crack. There are no such sections in the Columbia 
Pike, but sections 24, 26, 27, 30, 31, and 32 supply 
evidence of the validity of the above theory. Their 
first cracks occur about 40 feet from the jot, while the 
other intermediate cracks are spaced from 10 to 15 feet 
apart. 

The effect of accumulating tension in the steel 1s 
illustrated by the behavior of sections 6, 7, 16, 17, 18, 
19, and 20, in which large open cracks have developed. 
Opening these cracks at points where the steel was 
located, it was found that in sections 23, 24, 26, and 27, 
in each of which the longitudinal steel consists of 
eight 34-inch deformed round bars, no change in the 
diameter of the rods had occurred as far as could be 
determined. In section 20, which is reinforced with 
four l-inch rods, slight reductions in diameter were 
found. Insection 19, with four 34-inch rods, the diame- 
ter was reduced to five-eighths inch, and there was evi- 
dence of a nearly complete failure in the steel. In 
sections 16 and 17, with eight 14-inch rods, the diame- 
ter was reduced to approximately three-eighths inch, 
while in section 18, with four %-inch rods, —_ was a 
complete break with areduction in the diameter to about 
one-fourth inch. In sections 6 and 7, with 25 and 50 
pounds of mesh per 100 square feet area, complete 
breaks were found at the cracks. 
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THE COST OF GRADING WITHRPRESNS@ES 


SOME SUGGESTIONS AS TO COMMON LOSSES AND HOW TO AVOID THEM 


By J. L. HARRISON, Highway Engineer, United States Bureau of Public Roads 


ROM the management standpoint the outstanding 
F problem on a construction job is how to obtain 
tne production. The time required to perform 

each necessary operation and the degree to which un- 
necessary operations are climinated are the determining 
elements. Large losses in time are more apt to be the 
result of a small loss on each performance of an opera- 
tion necessarily repeated many times than of any out- 
standing error in the performance of an important 
operation. No foreman of a grading job would think 
of letting one of his teams stand idle on the job all day, 
but he may produce much the same effect by disregard- 
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Fig. 1.—A well-managed fresno job. Note consistency of per- 
formance and low time loss on turning, loading, etc. 


ing as small a detail as that of allowing all his teams, 
after dumping, to swing through an are with a 30-foot 
radius when a 15-foot radius would do just as well. 
The loss of time in this case, being small in each in- 
stance, is apt to escape notice. High production can 
be secured only when such losses are reduced to a 
minimum, and in order to make them as small as 
possible their causes should be studied in detail. 

Approaching from this angle the problem of moving 
earth by fresno, the typical operations are: (a) Load- 
ing, (b) hauling to the dump, (c) dumping and spread- 
ing, (¢) returning for the next load, and (e) turning 
to load again. The order of these operations may be 
varied. For instance, the load may be taken before 
the turn for the return trip is made; but the sequence 
is of less importance than the nature of the operations 
themselves because, whatever the sequence, each takes 
time and is, therefore, a source of possible loss. 

The studies which have been made by the Bureau of 
Pubhe Roads indicate that the losses suffered by con- 
tractors doing fresno work fall within the two categories 


of managerial losses and bidding losses. The manage- 
rial losses are those which can be corrected by carefully 
systemizing the work. On a fresno job they include 
those due to improper adjustment of equipment to the 
work, short loading, time lost in loading, time lost in 
turning, careless dumping, and a number of miscel- 
laneous losses not directly related to these. The haul 
itself offers little opportunity for management, as mules 
set a fairly steady pace which the studies indicate to be 
little affected by external conditions. 

Bidding losses which are, perhaps, as important as 
the managerial losses, are those which are suffered 
because of incorrect bidding. They arise principally 
from a failure to gauge correctly the influence of haul. 


SOME CAUSES OF SHORT LOADING 


Referring first to the managerial losses, one of the 
most significant is short loading. It takes just as long 
to move half a load as it does to move a whole load. 
Therefore, if a proper output is to be obtained, the 
loading must be kept up to standard. The bureau’s 
studies indicate that a standard 4-foot fresno loads 
about a third of a cubic yard per trip. On a well- 
managed job the fresnoes will be omnia to their stand- 
ard capacity every trip. A part of the load may be 
dropped during a long haul, but, from the standpoint 
of the practical contractor, the effect of this is relatively 
small, because he can easily allow for it by leaving the 
grade a little low if much hauling is to be done over it. 
In any event he generally finds it necessary to go back 
over his work and correct it for shrinkage, etc., when 
the final stakes are set; and the material that falls off 
the fresnoes usually serves to reduce by so much the 
amount that must be handled in the clean-up. Short 
loading, however, is a positive loss the causes of which 
should be sought and eliminated wherever possible. 
It may be due to the indifference or inefficiency of the 
drivers. When this is the case the drivers should be 
trained to load properly or be replaced. 

Poor plowing is often an element in short loading. 
It also affects the time spent in loading. If the soil is 
properly plowed, a full load can be secured in sand 
unless it is very dry, in loam, and in clay except where 
itisunusually heavy. But plowing is relatively expensive 
and is hard on the stock—particularly plowing in that 
sort of heavy ground where it is most needed if full 
loads are to be taken without undue loss of time. In 
such cases the problem presented to the foreman is a 
choice between the tangible reduction in output which 
will result if a fresno is laid off and the mules are hitched 
to the plow, and the intangible losses which result from 


slower and lighter loading when there is inadequate © 


plowing. 

Light loading and loss of time in loading sometimes 
result also from failure to remove the roots of trees. 
If the contract price for earth excavation is 20 cents 
per cubic yard and labor is 25 cents an hour, an increase 
in output of 121, yards will pay for a 10-hour day’s 
work in removing roots. With an ordinary small out- 
fit of six to eight fresnoes working on a 100-foot drag, 
the loss of as little as 0.05 minute per load or of 2 per 





ip 


cent in the amount loaded is sufficient to justify the 
employment of an extra laborer to remove roots or 
obstructions of any other character which interfere 
with proper loading. The losses due to obstructions 
are often much greater than this. 

On short hauls every effort should be made to secure 
heavy loading. Whatever additional yardage may be 
secured in this way is a clear gain. It is not advisable, 
however, to attempt heavy loading on long hauls, 
because of the greater amount of work such hauls 
impose on the stock. In a haul of 100 feet, the round- 
trip time averages 2.2 minutes. Twenty-seven trips 
are made in an hour. Only one-half minute of the tri 
time is spent in hauling the load to the dump, wAilich 
means that the team is under full load 1314 minutes 
per hour. On a 300-foot haul the time required per 
trip is 4.2 minutes, and there are 14 loads per hour. In 
this case the team is under full load 1144 minutes per 
trip or 21 minutes per hour. The fact that on the 
longer haul the stock performs 50 per cent more heavy 
work during the day than on the short haul offers a 
reasonable explanation of the fact that—even without 
extra-heavy loading—stock generally shows a distinct 
loss weight if held on long-haul work for a protracted 

eriod. 

All “pestering” of stock should be rigidly avoided 
and teamsters who engage in it should be replaced. 
Some teamsters abuse the stock under the pretense that 
they are ambitious for more speed. Jobs where this is 
permitted almost always show an increase in the time 
taken per trip. 

CONSISTENCY OF PERFORMANCE AN IMPORTANT ELEMENT OF GOOD 
MANAGEMENT 


One of the more conspicuous facts brought out by 
the studies is that the difference between good manage- 
ment and average or poor management is largely a 
matter of the consistency of the performance. Good 
management sets a high standard and consistently 
follows it. Under average or poor management the 
results secured will at times compare favorably with 
what would be expected under the best of management, 
while at other times the results will fall so low as to be 
classed as poor. The lack of consistency can be traced 
to a tendency on the part of many foremen to allow 
the physical conditions surrounding the job to govern 
performance. If these favor a high output, a high 
output is secured, but if they tend to create losses no 
adequate effort is made to avoid their effect. So, if 
the lay of the work suggests that a long swing at the 
dump be made, the long swing is not prevented by 
managerial effort, though the loss of but a tenth of a 
minute on each load may easily mean the loss of a 
hundred yards on the day’s output. The tendency of 
foremen to allow physical conditions to establish the 
details of performance which they should themselves 
govern may in some cases bedue to a lack of energy 
but it is more apt to be a matter of lack of training. 
However, the point it is desired to emphasize is that a 
contractor should view inconsistency in output on a 
fresno job as indicating weak field supervision and take 
immediate steps either to develop or to displace a 
foreman whose record of performance is of that kind. 

The difference between good and average manage- 
ment as measured by the results obtained may be 
illustrated by the following example: A normal fresno 
job will show an average haul of perhaps 150 feet. On 
such a job the average output under average manage- 
ment would be about 73 cubic yards per fresno per day 


of 10 hours. Under good management it would be 
about 95 cubic yards per fresno per day. With a 10- 
fresno outfit the difference in output would be 220 
cubic yards per day, which, at 25 cents per cubic yard, 
is $55 per day. In other words, on such a job as this 
a saving of one-tenth of a minute per load means a 
saving from $7.50 to $10 a day for the contractor. 

So far no significant differences have been found in 
the rate at which such materials as sand, light gravel, 
loam, clay, or even heavy clay are moved once the 
load is taken. There is little variation in the pace of 
the mules either in moving the material or returning 
from the dump. There appears to be a little slowing 
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FiG, 2.—Diagram comparing job represented in Figure 1 with other jobs typical of 
average and poor management. The points shown illustrate lack of consistency 
on a job where the control was weak 


down 1n loose, dry sand and a little speeding up on 
material which packs readily and gives a ee 
smooth, hard footing, but in the Mississippi Valley, 
where the bureau’s studies have been made, such 
materials are exceptional. On the other hand, very 
stiff clay loads with difficulty even when well claret, 
and there is a distinct tendency for the men to tire 
when handling it. Graphs, similar to Figure 1, based 
on morning and afternoon observations on the same 
well managed job, show the effect of the increased time 
required for loading, unloading, and turning in the after- 
noon by increasesin the Xintercept. The uniform pitch 
of the rate lines brings out the fact that on heavy work 
the stock continues to move atits regular pace after the 
men have begun to show fatigue. one conditions 
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involving heavy work in loading it is well to put on an 
extra man to load the fresnoes in order to relieve the 
teamsters. 


WET WEATHER LOSSES LARGELY AVOIDABLE 


Among the managerial losses those incident to wet 
weather should be mentioned. It is customary to stop 
work whenever there is rain and to delay reopening 
until the ground has dried out more or less. During 
such delays the stock has, of course, to be fed. Many 
contractors also feed their men without charge, and it 
occasionally happens that labor conditions are such that 
the men also must be paid. It should, therefore, be 
noted that fresno work can be performed without great 
difficulty even in niud so deep that the mules sink above 
their fetlocks. Nor is the work as much delayed by 
such conditions as might be supposed. The mules move 
a little more slowly and there is a tendency to lose time 
in loading and dumping, but outputs can be readily 
secured which more than cover operating costs. The 
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Fic. 3.—Diagram showing number of loads per hour under good management and 
average management. 


dead loss of the corral and the mess is thus avoided 
even though no profit is made. After a heavy shower 
work should be started at once. The surface of the 
ground will be muddy but a single cut will remove the 
mud, and even if the wet earth must be cleared from 
the path over which the teams move the actual cost of 
this operation 1s small as compared with the cost of 
delay. As soon as the wet surface is removed, a fresno 
job can be made to run as smoothly as in dry weather. 

Another loss that can be easily avoided is the main- 
tenance of extra stock. It is not uncommon to find 
that an outfit is maintaining 3 to 5 extra animals in 
the corral as against 25 to 30 on the job. On the other 
hand, one job (not a fresno job) now under study main- 
tains 44 horses on the job with a reserve of one in the 
corral. 
drivers and with proper attention to the stock there is 
small need for more than one extra animal unless the 
outfit is unusually large. At present, feeding a mule 
costs from 60 to 70 cents a day or about $20 a month. 
Any animal which has a tendency to ‘go lame” or 
injure itself on the work is, therefore, too expensive to 
keep. 

Figure 2 compares the results of good, average, and 

oor management. Graph A shows the results on a 
job where the foreman used conspicuous care in avoiding 
time losses of all kinds. Short diameter turns were 
insisted on and the equipment was kept in motion. 
Graph B shows the average results on a considerable 
number of fresno jobs. The intercept on the X axis, 
a constant which covers loading, unloading, and turn- 





With proper attention to the selection of good 


ing, with incidental losses of time, is 0.6 minute per 
load on the well-managed job as compared with 1.2 
minutes under average conditions and 1.9 minutes with 

oor management. There is no significant difference 
in the rate at which the teams move to and from the 
dump. ‘The effect of the differences which these graphs 
show as between the ‘loading, dumping, and turning 
time” under good and average management is of 
considerable importance as the following table, based 
on a 100-foot haul, shows. 





| 








Good | Average 
manage- | manage- 
ment ment 
Time per load, 100-foot haul, minutes. - 1.6 2:2 
Loads per fresno per 10-hour day_-_..--- 375 22 
Loads per day for eight-fresno outfit - - - 3, 000 276 
Percentiot aversgenpenionmances. 2-22-2225 sce - eee esse 138 100 
Quantity of excavation per day, cubic yards___._._________.--- 1, 000 t20 
Teams required to produce 1,000 cubic yards per day .-..---.---- 8 ilk 








In Figure 3 the value of close attention to the elimi- 
nation of lost time in loading, unloading, and turning, 
with incidental losses, is shown in another way in two. 
graphs which give the number of full loads per hour 
per fresno which can be expected under good manage- 
ment and under average management. Using these 
graphs any foreman engaged on fresno work can de- 
termine the efficiency of his outfit by the following 
simple process: 

1. Count the number of loads dumped during an 
our. 

2. Divide the number of loads dumped by the num- 
ber of fresnoes at work to obtain the average number 
of loads dumped per fresno. 

3. Find the average distance over which the loads 
dumped during the count were moved.! 

4. Compare the average number of loads per fresno, 
obtained as indicated in 1 and 2, with the number 
shown by the graphs (or Table 1) for the distance 
determined as indicated in 3, to ascertain whether the 
management is above or below average. 

Table 1 gives the same information contained in 
Figure 3 for intervals of 25 feet. 


TaBLE 1.—Fresno output 


{Standard 4-foot fresnoes| 
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Loads per fresno | ' Loads per fresno 
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BIDDING LOSSES 


Aside from the losses incurred through faulty man- 
agement, contractors often suffer serious losses because 


1 In practice, when moving earth from a cut to a fill the area over which loads are 
being secured and the area over which dumping is being done are often quite sharply 
defined. For the purpose of testing the efficiency of operation it is accurate enough 
to measure from the center of the area over which loading was done during the count 
to the center of the dumping area, a procedure which has been found by experience 
to give results agreeing within a few feet of the average distance obtained by taking 
the distance on each load and averaging these distances. 
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of careless bidding on fresno work. It is customary to 
call for bids for highway excavation on the cubic-yard 
basis, and quite commonly contractors are influenced 
in determining the amount of their bids by the un- 
analyzed cost of other jobs. Presumably this practice 
is based on the presumption that moving one cubic 
yard will cost about as much as moving another, or, 
in any event, that the average work required in mov- 
ing a cubic yard of earth on one project will be ap- 
proximately equal to the average work required on 
another project. The fact is that the unanalyzed cost 
of work done on a past project is a dangerous criterion 
of the cost of prospective work because it takes no 
account of the haul which, in practice, varies from 
mile to mile on an individual project, and varies con- 
siderably as between different projects. The force 
of this statement will be seen by a little study of the 
typical fresno loop (see fig. 4) or by a study of the 
time-distance graph (fig. 2), and is clearly developed 
in the right-hand column of the detailed time schedule 
and estimate on page 15. 

If the drag or distance moved (see fig. 4) is long, a 
large amount of time is consumed in dragging one load 
and returning for another. If the drag distance is 
zero, then theoretically a load can be picked up and 
dumped at any point on the approximate circle resulting 
from a combination of the two turning swings with 
small loss of time over what is required in driving 
around a circle 30 to 50 feet in diameter. This is 
about what actually takes place when material is 
moved from the ditches to eld up the subgrade. 
With allowances for the extra effort required in climb- 
ing from the ditch to the top of the embankment, as 
well as for loading and dumping, operations that result 
in changing the path of travel from a circle to a short 
loop, the time per trip may, with good management, 
be nae as low as 1 minute per load, and 1.2 minutes 
per load is a fairly common performance. Work 
aaitlod in this way is known as ‘‘in-and-out”’ work. 

As against this, a 300-foot drag will require with 
good management about 3.6 minutes and with average 
management 4.2 minutes. In other words, a drag 
approaching the maximum limit of the fresno’s range 
of efficiency takes nearly four times as much time as 
“in-and-out”? work. This illustration will serve to 
make it clear that the price bid on one job is not a 
valid criterion of the price which ought to be bid on 
the next job, unless it is known that the average haul 
is the same in both cases or that the average time re- 
quired for a load is the same. LEstimates should, 
therefore, be made up from the plans for the job itself. 
In no case should they be made from the unanalyzed 
bids on other jobs. | 


A METHOD OF SCHEDULING HIGHWAY GRADING 


Another matter which ought to receive more atten- 
tion in connection with highway work is the time 
scheduling of construction operations. A_ first-class 
building contractor will schedule a milhon-dollar 
building so closely that he will know its date of com- 
pletion almost toa day. In doing this he lays down in 
advance the force his superintendent will be author- 
ized to employ, and, on this basis, calculates the time 


that will be required in order to do each part of the 
work. Once this is done, to insure himself that a job 
is being built at the assumed cost, he has to examine 
only three things: 

1. Ilis materials purchases to see that in quantity 
and in price these agree with his estimate. As these 
are usually protected in advance of making his bid, he 
should find no trouble here. 

2. The wages that are being paid. Prevailing wages 
are, of course, known before the estimate is made, and 
the superintendent should be appropriately limited in 
this field. 

3. The amount of work done. 

If the first two are as planned and the job, in time, 
is up to schedule, the contractor knows without con- 
sulting detailed cost data that the job is being profitably 
conducted and what the profit is. 

The graphs presented in this article offer a ready 
means of preparing such a schedule for highway grad- 
ing with standard 4-foot fresnoes and at the same time 
estimating the cost of fresno work in sueh a manner 
that the contractor may at all times feel confident of 
the results which his field forces are securing. The 
methods are as follows: 

1. To determine the time required on any job— 

(1) Multiply the total yardage (excavation plus bor- 
bow)? by the time required for “loading, dumping, and 
turning,” which is, for average performance, 1.2 min- 
utes." 


TURN 
TURK 





DRAG 


POINT OF LOADING POINT OF DUMPING’ 


Fia. 4.—Typical loop made by fresno outfit 


(2) Add to this the product obtained by multiply- 
ing the net yardage of each cut, or borrow pit, by the 
average distance in stations (100 feet) that it must be 
hauled’ If no haul distance is shown for borrow 
multiply borrow yardages by 0.5 (one-half station).’ 

(3) Divide the sum obtained above by 200 to obtain 
the number of days’ work to be done, if the working 
day is 10 hours (180 for a 9-hour day and 160 for an 
8-hour day). The method here described is adopted 
for the sake of simplicity. To obtain the correct time 
of the job in mmutes the extensions under (1) and (2) 
should also be multiplied by 38, in which case the sum 
should be divided by 600. 

(4) Divide this by the number of fresnoes it is 
planned to work and the result will be the number of 
days’ work which will be required of the outfit under 
normal conditions. 





? Borrow as used here covers material secured outside the limits of the standard 
cross section—generally though not always by widening ditches. 

3 This product is one-third of the time required for the operation, since it is obtained 
by multiplying yardage by the time required to handle one-third of a cubic yard. 
See explanation under (3). 

4 Theoretically side borrow involves only transverse haul. In practice, because 
ditch lines and the road section generally must be kept reasonably uniform, whereas 
the ground will vary a good deal, more or less longitudinal haul is required. 
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(5) To this add one-fifth to cover Sundays, holidays, 
and wet weather, in order to obtain the working 
period. For example: 

















Good | Average 
manage- | manage- 
ment | ment 
Loading, dumping, and turning time, minutes__.....---...-.-- 0.6 | 1.2 
Pcavanlonmeubienyands........-2.---258s5...--52558 70, 000 
PS ORTOMECU LCR al San keen = ee ene eee 30, 000 
Total earth to be moved, cubic yards! ___-____- 100, 000 60, 000 120, 000 
Cut 20,000 cubic yards moved 2.47 stations__....----.--------- 49, 400 49, 400 
Cut 10,000 cubic yards moved 3.16 stations_...-..---------.--- 31, 600 31, 600 
Borrow 30,000 cubic yards moved 1.46 stations ....-.---------- 5 43, 800 43, 800 
Cut 10,000 cubic yards moved .74 stations___.-..-------------- 7, 400 7, 400 
192, 200 252, 200 
Divide sum above by 200 to give days’ work to be done --_.-..- 961 1, 261 
Divide days’ work to be done by number of fresnoes in outfit to 
give days’ work for outfit (in this case 10) ---.--.--.---.--.-- 96 126 
Add one-fifth for Sundays, holidays, and bad weather. -------- 19 2h 
Wiorkincepenod, (Gays. cence sees cea. 2 2 ee wen eee 115 151 











1 By reason of side-hill work and excavation from ditches (in-and-out work requir- 
ing only loading, dumping, and turning time) this quantity will generally be greater 
than the sum of the cuts and borrow pits listed below. 


2. To convert this estimate of the time needed to 
accomplish a specific amount of work into a bidding 
estimate the next step is to determine the cost per day 
of operating an outfit of the size used in making the 
time estimate in this case 10 fresnoes. The costs 





and wages given below are for illustration only. The 
contractor must use those actually prevailing. 
A typical outfit would be— Mules 
10 fresnoes, 8 mules each_______-_-.-------------- 30 
2 plows, 4 mules each-_-_- - A : _ 8 
ominNs tO. cases oo eee ee eee 2 
40 5 $35 
Add one-fifth for corral cost on Sundays, holidays, 
ANCPDAGsWeAUNer: Swen. Me. er 7 
Superintendent (one-fifth added) _......------------ 10 
Foreman (one-fifth added)____.__.__._-_--_----- Ss 5 
Labor: 
12 teamsters, at $3...._____-- Yee ee ae a 36 
2 plow holders__.___- ae ee he AN ene Cen Fo 7 
1 laborer (water boy, etc.) - Bee = 2 
Totaltcostiper day. 222.2 .5.22-.-2--- 222 es 102 


On long hauls one plow can be converted into a 
fresno outfit which gives a small working margin. The 
above is illustrative only. The contractor must de- 
velop his estimate of the cost of a day’s work on the 
basis of the outfit he has and wages prevailing when 
the work is to be done. 

3. Continuing with the example, the time estimate 
shows the days’ work for the outfit to be 96 days 
under good management and under average manage- 
ment, 126. Multiplying these by the total cost per 
day, $102, as indicated above, gives a direct expendi- 
ture of $9,792 under good management and $12,852 
under average management. To this direct expendi- 
ture it is essential that four items be added, as follows: 

4. The proportional part of the cost of wintering 
the stock which is properly allocable to the job. 
These are: Good management, $1,200; average man- 
agement $1,600.’ 

5. Depreciation on stock and equipment: A 40-mule 
outfit generally represents an investment of $8,000 to 
$10,000. Few contractors can get an average of more 
than five years’ work out of amule. He must then be 
sold and replaced. His sale value will seldom be 
above $50. The annual depreciation per animal is, 
therefore, in common practice, from $30 to $40. That 


part of this depreciation properly chargeable to this 
job should be added, as should the probable repairs 
and depreciation on equipment. The latter is not a 
heavy item on fresno jobs; so, for the purposes of this 
example, the depreciation to be added may be as- 
sumed to be: Good management, $1,400; average man- 
agement, $1,600.° 

6. Moving costs: It costs a good deal to get from 
one job to the next. If the job is long enough to con- 
stitute a season’s work the cost of getting back to 
winter quarters should be added. The costs are esti- 
mated as follows: Good management, $250; average 
management, $500. 

7. Profit, estimated as follows: Good management, 
$3,000; average management, $3,000. 

















Recapitulating, the various items of cost are as 
follows: 

Good Average 
manage- | manage- 

ment ment 
Directexpendibunesloml Oba. ---seeee se ees see eee ae $9, 792 $12, 852 
Winteringstock....---_ anes 1, 200 1, 600 
Depreciation of stock and equipment.-__.--..----------------- 1,400 | 1, 600 
MOVIN gtCosts) =. 2.55/22es ae eee eee ee eee eee 250 | 5OO 
PRRs och ca cecacecotenesa ase ee eens eee 3,000) 3, 000 
Total value of the job._..........-.-----------------e2--- 15,642. 19, 552 
Dividing these total costs by the total yardage 


moved, which is 100,000 cubic yards (excavation plus 
borrow), the prices which should be bid under the two 
conditions are as follows: 


Good management_.....-.-------- 


151% cents per cubic yard. 
Average management. .- --_--- 


191% cents per cubic yard. 

This estimate is based on the presumption that 
nothing but plowing is done by the plow teams. 
With small outfits—about 6 fresnoes—this is generally 
true, the plow team being allowed to stand idle a good 
deal of the time whenever the haul is long and the 
amount of earth which must be moved by the fresnoes 
is correspondingly small. With larger outfits, as the 
haul increases plow teams can be cut off and put at 
hauling. However, as outfits operating more than 10 
fresnoes in a unit are seldom encountered on highway 
grading work the better practice in estimating is to 
consider the plow teams as used only on plowing, 
because there is little assurance that any large part 
of the time of the plow teams can be diverted to 
hauling. 

Heavy clay, gumbo, and other extra-heavy mate- 
rials, if dry, require more than the ordinary plow 
equipment, and, even after good plowing, load more 
slowly. This difference can be covered in the esti- 
mate of the cost of a day’s work (1) by allowing for 
the extra stock and men required to do the extra- 
heavy plowing and (2) by allowing for extra men to 
do the loading, thereby relieving the teamsters and 
enabling them to keep the job up to schedule in other 
respects. 

t is worthy of note that if a job is scheduled and 
estimated according to the plan outlined above, no 
extra allowance is needed for overhaul, as the overhaul 
is included in the bid price. 

Such items as clearing and grubbing, maintenance of 
grade during the construction period, the cost of the 
clean-up, etc., are given no treatment here because the 
specifications of the various States differ so materially 





§ This item should cover all corral costs such as labor in caring for animals, feed, 
veterinary services, etc., but not depreciation on stock or equipment. 


§ For purposes of illustration it has been assumed that under average management 
this would be a full season’s work, but that under good management it would not. 
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in these particulars that it has been considered advis- 
able merely to refer to them and to state that such 
items, when included as part of the grading should be 
set up in the estimate as separate items just as deprect- 
ation, getting onto the work, etc., are set up. 


A SAMPLE GRADING SCHEDULE 


As a inore complete illustration of these methods, 
there follows a schedule and an estimate based on an 
actual project. This schedule and the estimate, for 
purposes of illustration, are based on the presumption 
that fresnoes will be used throughout the job and that 
the management is equal to the aver age. In practice 
both wheelers and fresnocs are likely to be used on a 
job of this sort, the former being used wherever the 

aul much exceeds 350 feet. There i is a little haul of 
this kind on this project but as it in no way affects the 
principles which are being discussed, this fact has been 
disregarded in preparing this schedule. 


Detailed time schedule and estimate for a typical highway grading 
job using a 10-fresno outfit 




















bays | Pass m 
ia Nule Perit Time work Progress ie 
Mile, Work © Quantity omnis ane Pou schedule; ye 
fresno. fit yd, 
| 
= a = es —-| | 
: ; Days | Days - Cents 
1. Excavation....' 4,363.8 Start May 1.! 
Borrow. ..---- 2, 028. 4 
‘Total exca- 
WA OES e 6, 392. 21.2 7, 670. 6 
|, Bornow_...... 2, 028, 40. 5 1, 014. 2 
(CV ae eer 145.4x%2,7 ! 392. 6 
Di aaa 121.6X1.6 ° 194.6 
ID\Qee ees 167.61. 75 | 293. 3 mer 
1D) eee 1,480.1X3.0 ' 4,440.3 Finish May , 
|; — i. 
| Divide by 200 )14,005.6(/ 70.07 1 ied 
| ——— = =— a —aenearesrer 
2 Excavation....' 8,534.5 
_ Borrow...-.--| 2, 549.1 i | 


Total exea- | 





Detailed time schedule and estimate for a typical highway grading 
job using a 10-fresno outfit—Continued 












































coe = Unit 
: fie te Time work , “9K progress | Pruce 
Mile Work Quantity units one | arte schedule iG 
aE aia yd. 
Days | Days | Cents 
5 | Excavation.... 2,911.9 
Bomow== ==. | thy eal 
Total exca- 
vation &, 673. 8X1. 2 10, 408. 6 
Ono w. oso: 5, 761. 9X0. 5 2, R80, 4 
interes 2k 648. 0X3. 0 1, 944.0 
DO... oe: 218. 2X3. 6 736, ; ! 
ND G5 eae 302. 8X 2. 98 902. 3 
——-:—— : Finish July 
Divide by 200 )16,921.3( 84.6] 814] 1. 15. 3 
= — sass 
6 | Exeavation.... 12, 773.0 | 
IBOLTOW _ -ea-—- 961.8 | 
Total exca- | 
vation__._- ie ery te. er 16, 481.8 
961. 8X0, 5 480). 9 
146,6X1.5 219.9 
646. 8X3. 0 1, 940, 4 
1,705. 43. 0 Hp HL Mi} 4 
iL pO) be Pa 
896. 1X1. 4 1,344.2 
1, 237. 0X1, 5 1,855. 5 ! } | 
Do--- 2, 658. 7X3. 1 &, 242. 0 _ Allow 1 day 
IDG) See 1, 726. 9X3. 0 fi VA for bad 
1) Qh ase 430, 5X3. 3 1, 420. 7 weather; 
———_—— | finish noon 
Divide by 200 | )44, 684. 9(| 223.4 | 2016 | Aug. 16. 25.7 
7 | Excavation....| 7,340.1 ‘an 
IBOIMOWe=-—-2- 8, 273. 5 | 
Total exca- 
vation._._- 15, 613. 6X1. 2 18, 736. 3 } 
Bortow=------ 8, 273. 5X0. 5 4, 136.7 
(On re se 229. 8X1. 78 402, 2 
iDou sso e 42 286. 3X3. O1 861.8 
1D OP sce oee 1, 493. 5X 2. 66 3, 972. 7 
IDI see 2,801.6%2.80 | 7, 844.5 
TO) ee yee Siecle 319, 1 | 
|. Finish noon 
Divide by 200: )36, 273. 3( ‘181, 4 | 18 * Sept. 6. 18.0 
8 | Excavation_.._| 6,339.5 
Borrow_..---- 9, 237. 7 
Total exca- 
vation__..- 15, 677, 2X1. 2 18, 692. 6 
Borrow~_.---- 9, 237. 70. 5 4, 618. 8 
Guise -- aes 280. 0X1. 5 420. 0 
IDs sama: 705. 8X 2. 9 2, 046. 8 
Dome ee 1,074.0X2.58 |! 2,770.9 
J Dope 1, 510. 5X3. 0 4, 531.5 Allow 1 day 
LD OL seen 308. 3%2.6 | 801. 6 for had 
Wot eae. 602,22,22| 1,114.9 weather; 
ee Finish 
Divide by 200 | )34, 997. 1(| 175.0 | 1714 Septet | v6 
Totals: 
Excavation 68, 718, 2 : 246, 050. 8 |1230, 1 ,123 20, 5 
Borrow. _.-- BONDI, | ts Ns ean es fo--teeeeee , * esa 





























WatlOmle-.- 11, 083.61. 2 IB GO), Bs 
' Borrow..-..--| 2,649.1K0.5 | 1,274.5: 
1 (Ca 297.5%3.0 , . 892.5. 
: DORE 302. 52. 0 605. 0 | 
Wore s22--- 778. 5X%2.16 | 1, 681. 6 
IDG Ss3saeae™ 1,1938.2%2,10, 2,505.7 
1D) 5 saa 93. 6X1. 75 | 163. 8 | 
MID) Oe ere ee 12.6X3.0 | 37.8 
Oe aac 1, 029. 32. 5 QoTees. | . 
fo. se. 1735.42.17! 3, 765.8 | 
WO. sseeoee 1,404.7X2.0 ; 2,809.4 Finish May | 
——————— | 26. 
Divide by 200 ie, 609. 7( 148, n 15 | | Big 
3 | Exeavation....| 8, 358.8 , “i : | 
) Borrow _-..--- i 2,224.9 

















aod a 10, 583, 7X1. 2 12, 700. 4 
Bormow....-... 2, 224. 9X0. 5 1,112.5 | 
Ci as 536. 5X1. 5 804.8 ; i 
Domes = =< 902. 5X1. 75 1, 579. 4 | \ 
IDs 5- 1, 530.0%2.98 | 4, 540, 4 ; ’ 
Hi lD yo e eae | 69. 4X1. 95 135, 3 i | 
IDO he aoeaee 1 1,.329,9%2. 74 | 3,643.9 : | 
IDO ae eee 2, 504, 8X2. 6 6, 512.5 Finish noon, 
| | June 14. 
. Divide by 200 | )31,048.2( 155.2 | 154 | 23,0 
4| Excavation....  &, 096.6 ' 
Borrow ___--- | 4, 230, 9 
Total exca- \ 
vation..... vi 336. 5X 1. 2 14, X03. 8 | 
IOTROWo = 22 === 4, 239. 9X0. 5 2,119.9 
(CING 2a Bee ere 1 084. 23. 0 Oyen! 
TDW enesccae 968.5x2.5 | 2,421.3 ; 
DORs Saas 348. 5X2. 85 gus, 2 
WQeosse. 4. 1, 661.3% 2. &6 4,751.3 
IDOes eee { 285. 9X1, 25 357.4 
ION 2 see | 615. 0X 2. 00 1, 230. 0 
ID) ee 2, $60. 43, 00 4, 581. 2 
eal _ Finish noon, 
| Divide by 200 238, 510.7 0.74 Jo2.5 | 19 July 9. 24,1 








Total earth 0 Heat moved, 93,995.4. 
2TH Saag) eS OD Mee: .. JOBS: | eee ee noes ech oebeeees ices _...) $12, 550 














WWE CRCO ASTRO INCOM Meet... 5s Semen RE mew ance oe merei ee 1, 600 
Depreciation on stock and equipment. -_..-....-.------------- oo pate 1, 600 
IOI baYe (Ko) aa JOROiOG) Ole). NORA SBMS ee sera ee, eS . 500 
ERO Gem eens. er es mame | Nee ee <- 2_) 3, 000 
TSG] JORIS WOW? 110) Dies Reem es Ai ee pee ey yc 5 op 2, ey a a 19, 250_ 
Bid price per day ($19,250 divided by 123 days work)_._..-.---.----------- 156. 50 
Bid price per cubic yard ($19,250 divided by 93, 995.4 cubic y ard) ee ae 205 


1 See estimate of value of day’s work, page 14. Extensions to nearest $10 only. 


The bid price per cubic yard which is developed by 
the above method is an average price in which all haul, 
including overhaul, is merged and in which no differ- 
entiation is made between borrow and excavation. 
Most contractors make little or no difference between 
borrow and excavation in presenting their bids and 
overhaul is generally underbid where the free-haul 
limit is within the fresno haul limit. Engineers are 


(Continued on page 23.) 


SAND-CLAY AND SEMI-GRAVEL ROADS STUDIED 


PROGRESS REPORT OF COOPERATIVE RESEARCH ON SELECTED ROADS IN GEORGIA 


N JULY, 1922, a cooperative study of 29 Federal-aid 
projects in Georgia was begun by the State Migh- 
way Department of Georgia and the United States 

Bureau of Public Roads, the University of Georgia 
also participating. The work has been under the imme- 
diate supervision of C. M. Strahan, director of research, 
State Highway Department of Georgia, who in a 
progress report gives the scope of the work and the 
progress thus far made. | 

The 29 projects selected for study comprise a total 
of 184 miles, distributed generally over the State, and 
are representative of the variations in topography, 
climate, and soil conditions in the State. The re- 
search has for its economic aim the collection of data 
as to first cost, annual maintenance, residual worth, 
traflic density served, and period of efficient service 
with which to make cconomic comparison with other 
types of road, to fix the limits of cost and traffic density 
to which these types are best adapted, and to guide 
judgment as to replacement with the same or other 
materials. It has for its purpose in the physical field 
the determination of the causes of strength and weak- 
ness, the development of tests and standards, and the 
hope of experimental discovery whereby improved and 
more dependable road service can be secured from 
abundant and inexpensive sources of road-building 
material. 

At the beginning of the investigation complete 
records were available on the cost of cach project which 
had been constructed under engineering supervision 1n 
accordance with specifications approved for Federal- 
aid construction in Georgia. Since completion the 
projects had been maintained by the counties but were 
then in process of being put entirely under State con- 
trol, thus permitting control of mamtenance methods 
and allowing complete cost records to be kept. 

The research was planned to cover the following 
program: 

1. Inspection trips each spring and fall. On the 
spring inspection a record is made by means of notes 
and photographs of any weaknesses developed during 
the winter and the effect of current maintenance is 
observed. On the fall inspection samples of road 
surfacing are secured at selected points on each project 
for laboratory analysis and study and at the same time 
road conditions are noted. 

2. The taking of systematic traffic counts (separating 
passenger cars, trucks, and horse-drawn vehicles). The 
plan has been to secure a 12-month daylight count on 
each project during eight days of cach month, using two 
days in each week (Sunday and Monday of the first 
week, Tuesday and Wednesday of the second week, 
and so on). 

3. The collection and study of maintenance costs on 
each project in the light of traffic counts. 

4, The study in the laboratory of the several soil 
ingredients—1. e., gravel, clay, silt, and sand—with a 
view to determining more scientifically the physical, 
chemical, and mass action of such mixtures; to differ- 
entiate the binding values of various clays, if possible; 
and to investigate the interlocking bond strength of 
the coarser and fine aggregates involved. 

[t is planned to continue this line of research until 
the projects have reached the stage of reconstruction 


or substantial replacement, at which time an estimate 
of their residual or salvage value can be made to com- 
plete the economic showing desired. 

The investigation has now been under way for two 
years and a considerable mass of data has been 
collected, but it is felt that it is too early to attempt to 
draw conclusions or to present a detailed analysis of 
the figures. Table 2, however, serves to give an idea 
of the character of information being collected. The 
figures under mechanical analysis of surfacing material 
represent the average composition of the surface on 
each project and are based on a total of 184 samples 
analyzed in duplicate. 

For purposes of comparison, the following classifi- 
cation of sand-clay and top-soil mixtures by the Bureau 
of Public Roads is given. 


TaBLEe 1.—Characteristics of typical 
mixtures 


sand-clay and top-soil 





Class A Class B . Class C 





(hard) (medium)' (soft) 
| Percent Percent Per cent 
Gomi: 6 co. See es | 65- . 55-80 
Cilia 5 oS ne Poet se oe \ 0-15 10-20 10-20 
GOW Sines. 252 eee h8<.cen ae ee ee ee elles 15-25 10-25 


CHANGES NOTED IN THE COMPOSITION OF ROAD SURFACES 


A table similar to that given for the year 1922 has 
been prepared for the year 1923, and it is interesting 
to note uke changes which have taken place in a year’s 
time as indicated by samples taken at identical loca- 
tions. The roads are maintained by road machines 
and drags which dress the shoulders as well as the 
surface, and the effect of this must be taken into con- 
sideration as well as that of wind and rain. Changes 
in coarse material were only such as might be expected 
from variation in sampling. The reduction in coarse 
sand (above No. 60 sieve), anticipated on account of 
the grinding and wear of traffic, was found to average 
4 per cent. 

An average loss of 2 per cent in total sand and a 
gain of 2 per cent in clay are both contrary to expecta- 
tions. ‘There is no change in the average amount of 
silt. The increase in clay occurs in all roads except 
three red-pebble, gravelly roads, in which losses in 
clay from 1.2 to 2.5 per cent are shown. Another 
year’s wear may change the clay indications, but, 
assuming that this increase may be confirmed next 
year, the following comment is pertinent: With red- 
clay shoulders thinly covered or unprotected by soil, 
increase of clay would naturally follow from machining 
the surface. But the roads with sandy shoulders 
likewise show increase of clay, accompanied usually by 
the gradual formation of a loose sand covering on the 
wheelway. The assumption has been that the chief 
losses from these surfaces would be in silt and clay, 
the gathering of loose sand being taken as proof. 
If dry-weather loss from wind and dust alone be con- 
sidered, this is probably true. Butitisconceivable that 
traflic friction most easily dislodges the sand grains 
from embedment in the clay and silt; that any loosened 
clay and silt may tend to rebind aided by dews and 
light rain; that the washing rains act chiefly on the 
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loose sand which they move to the side ditches. Hence 
the net result of both wind and water losses may be 
to remove a larger weight of sand than of clay. This 
is the more probable, since the total clay and silt is 
only 30 per cent while the total sand is from 60 to 70 
per cent of the weight of the surfacing. Future 
samples from the loose material and from the upper 
3 inches of the road surface will be taken to throw 
light on this seeming anomaly of increase in clay con- 
tent. 

A record has been made of the loss in thickness of 
the road surfaces. Here, too, such losses are the com- 
bined result of traflic wear and maintenance operations. 
The record shows no case where the original thickness 
has been increased. A maximum loss of 2 inches on 
one low-grade soil is shown for the year. Those 
projects with considerable amounts of gravel show the 
least loss of thickness. The average for all sample 
pomts was 0.6 inch. No consistent relation of thick- 
ness lost to traffic counts has appeared during the 
first year’s wear. The roads with heavy traffic gen- 
erally show a larger loss than those with light traffic, 
where the materials are reasonably comparable. 

The figures for 1922 on annual cost per mile for 
maintenance of roadway and shoulders are based in 
part on the judgment of the division engineers, having 
been feiealed during the first year of the State’s 
control of maintenance while its organization and 
equipment were in the formative stage. For succeed- 
ing years these figures will rest on a direct account 
kept for each project. It will be readily seen how 
such cost data alt be cumulatively useful in guiding 
hudget estimates, in measuring the cost. of traflie 
service, and in fixing the proper economic ratio of 
service to traffic density. 

They bear also on problems of partial betterment to 
prolong the life of these roads under rapidly increasing 


traffic. Judging from the present record and from 
observed field conditions, it is tentatively thought 
that the better grades of road soils may be expected to 
show satisfactory service for a traffic density of 300 
to 400 vehicles per day during a life of from five to 
Sie acon with an upkeep figure approaching $250 
per mile. 

The research studies are already leading to some 
conclusions which are thought to an well worth con- 
sidering in designing these types of roads. It is be- 
heved that the maximum allowable amount of clay of 
18 per cent in class A surfaces (Table 1) may be in- 
creased somewhat where more than 10 per cent of 
material above the 10-mesh sieve is present. Field 
observations show that the amount of clay desirable is 
not a fixed percentage of the total amount of fine 
material or binder since it is affected by the amount 
of coarse material with which the binder is associated. 
The extreme maximum of clay seems to be about 25 
per cent of the mixture including gravel with a prefer- 
able amount of 20 per cent. Reduced to a percentage 
of the total amount of fine material, this would give a 
hmit of 20 per cent clay where gravel constituted 10 
per cent of the surfacing and 25 per cent clay for 30 
per cent or more gravel. It has been observed that 
corrugations and potholes develop most commonly in 
those surfaces in which the clay percentage is low. 


COARSE MATERIAL AND SMOOTH GRADING IMPORTANT 


[t is uniformly found that the greatest density of 
road surfaces of this type is in the upper 3 or 4 inches, 
with decreasing density and increasing moisture as the 
subgrade is approached. It is very desirable to know 
the variations of these factors in the road soil surfaces, 
The real sourees of road efficiency in these materials 
vests in the mass action by which concentrated pres- 


Taste 2.—Data collected on 29 projects in 19.22 
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Mechanical analysis of surfacing material ? Daily trattic 























, So  L Antal 

j Thick- , main tate arr eniiitie cost per 

Project County Length Type of surface ness of Sand nna vee ial aii mile for 

No. lsurfacing, Gravel foe. No, 10 steve Bassen- , main- 

: | retained Pr emauit 
: in total | — a ger Prucks | tenance 
' {on No. 60 | Se | ten 
' Sample oe | ; vehicles 
d ' Sand silt Clay 
Miles Tnehes Peteent Percent, Percent | Percent Percent 

lh) Dol Fol \ SO SUE oo = See a eseerses Woe ll 50 76 int 13 400 110 $306 
ft | AMV iDIiOvdl, ee eee ee eee LOT ee a ClO)... Sao eee be | 12 49 71 lt 18 | 90 6 108 
fy || AS EO0 = oe NGS & ieenaVO Np ee seo eens ae on 7 64 til 6 17 170 i 182 
(het) |) ISL, re es Gen) “Wye Sul ee oe eee 5.1 21 45 1 68 WE; 17 | 140 . AO 208 
ISRO COVES sce ot ae cies coe os = 10.4 | Sand-clay.__. Mat) 3 48 73 J0 Wer 60 25 217 
ity) edit i. CEO | Seen do 5.8 if 43 72 y iS) 5 90 ). - ae 
OPP || MITIO) e Se aee eeee 10.0 | Top soil... 6.0 | Is 36 63 19 18 | 430 | 170 156 
HIND OUI Se coco. eae ac enn Ovi 4 aces do 3.8 s h2 i2 15 13 | 230 65 x8 
AQ \eMiitelell..........2..------ 13.4 | Pebble 7.4 | 20 Bye 73 14 13. 140 | 1s Lai 
BQ) UEOSS0\0| eel 6) (0010) S00 eee pee eee 6.8 j 16 52 69 12 19 | 280 | 44 162 
FAMOUS See sony c eee an LS: See (iG <3, cen 5.4 9 46 74 ll 15 > 230 | 3) 100 
GR) Welbone 2 2.352. -.-.-25-. GUL. i ere Oe winon so dces = are Dan © 7 53 (B 14 | 13 1 140 | 16 114 
0G) | ANOS es (07) ISEIAGEEIbI: , ae eteaoaeeroc 8.8 | 9 54 75 7 18 120 ; 18 134 
af |S @lanOteen... 2... ce<-- UGe2) > @laveenavele ..--..2-----0¢ 8.0 Bt) 60 72 6 22 190 | 13 1hs 
dia” | Wiastimeton: ..-.---..-..- eOm NOD ISOU cn accecewce sees 6.8 6 42 74 s 18 130 | 14 144 
EC RSON Me 22 cone ce eek Viol ese Cl OMI ce Sees eee 6.4 ie 54 72 16 18 280 44 166 
IO) Con Cul =n ert Oe Fa ee O02 See eee, 8.5 5 55 75 13 12 110 13 121 
HICzY || iM ieycroe es oo aes omen MSM MO ORO ienss 222222 2e 6.2 0 39 76 12 12 210 | 22 207 
igs eVlonbeomicry. -.-..-=.-.--- TPA IT Ete 0) 01 CGS ey es eee 7.4 | 16 44 68 1) 23 140 15 OS 
NG | Pts Jeneee GRO reece (lol. Se eeeoe eee 4.0 12 45 al S 14 15 250 } 30 200 
IESten ee HNOW Gl. ccc se cee sees Total op SQUASH = = ease aoe ae 50 34 50 | 20 30 120 20 Gl 
WAS || MLO eee Gh o8Ree OUD ee sho 5. 8.1) 38 25 40 | 25 35 160 20 50 
MoulmGreene. 2... ----2.--2252- 207 eeoemuetaveleees....-----.-- 10.9 | 23 50 65 | 21 4 260 | 26 eg 
TLE) | (BIEN 3380) seoae (0). cies aan a0 9 56 | To | 1 14 310 | 22 201 
MGalpblunlvees....-.--2-:---.--4 Wh), Sinaloa eee 7.8 6 52 | 74 8 18 120 | 15 140 
AWM MOCMe ee eee 8 HBS MOMMIES... c2ncceameee ig 14 | 45. ttl 9 14 140 10 215 
MBO RRO umbmean. 2... 25-2--+-s fii (OM (Ghose) eee eee eee 5.8) 26 | 46 | 72 | 11 17 200 28 160 
205) |e btimeham.............-..- Hee aI [ORS Oem on ee een ome ee | 4 40, ie 8 | 15 210 BC 350 
5-10-14 | Richmond._.._....-_---__-- 8.4.) elavecrravell.....--.-----<« 6.3 | 36 68 if 40 21 300 46 128 
1 The No. 10 sieve is taken as the dividing line between course material and fine material. In analysis of fine material the sample is taken as 100 per cent after the re- 


moval of the coarse material. 


sures and impacts are distributed and resisted, and in 
the ability of certain soil mixtures to maintain this 
Mass action in the presence of notable percentages of 
water or their ability to so limit the ingress of water 
(iene thre “aed strength is not seriously dimimished. 
The power of the ros ad surface to resist: water absorp- 
tion and to avoid a teo serious loss of mass stability 
under impact is the reason why certain soil mixtures 
are reliable and stable while others are hopelessly 
worthless. 

Convinced by close observation that well-selected 
class C soils will pack into slabs of ample strength and 
possess in themselves sufficient. resistance to undue 
water saturation, the Georgia Highway Department has 
recommended on several projects where class A mate- 
rials were not available the folowing type of construc- 
tion: An S-inch bed of available class B or class C local 
soil to be covered with 2 inches of imported fine gravel, 
screenings, chats, or like hard material. The latter is 
applied before the soil bed is well packed. In the out- 
come the harder surface is securely bonded to the soil 
bed, consolidation of the road proceeds rapidly and 
evenly, and a firm slab of excellent durability 1s formed. 
The hard surface layer, though thin, protects the soil 
bed from direct abrasion and from dust and washing 
losses. Which are the chief defeets of these lighter 
erades of road soils. The mass action of the whole 
slab is strong and satisfactory. 

The studies and observations are leading to a greater 
confidence in the influence on read soil and eTay cl types 
of the small-sized hard material lying between three- 
eighths and one-tenth ineh in diameter. Particular 
attention is called to project 179, Greene County, 
where a a A. binder is reinforced by 23 per cent a 
hard quartz particles all of which lie between a No. 
anda No. 10 steve. This road, which is easily ee 
for a paved road, has borne for three years without 
perceptible wear a traflic density of 281 vehicles per 
day, and the maintenance cost has been chiefly for 
building and upkeep of the shoulders. 

Similar evidence is accumulating on some of the clay- 
gravel roads where material above the No. 4 sieve is 
less than 20 per cent, the deficiency being made up by 
the hard material just above the No. 10 sieve. 

There seems to be an increase of density and a more 
‘uniform: mass action where soil and gravel mixtures 
grade smoothly from coarse to fine. Within certain 
limits, the absolute size of the coarse aggregate seems 
less unportant than the uniformity of the grading. 
In this climate there appears to be less tendency to cor- 
rugation and pitting on gravel roads where a hberal 
amount of binder unites a graded gravel which starts 
at or below a l-inch maximum size. 

Close observations are being made on this important 
point. The local gravel deposits of Georgia are char- 
aeterized by smaller sizes than the glacial gravels of 
the North and West. They are more commonly asso- 
ciated with clay binders which grade as class A material. 
They have shown excellent dur: ability, smoothness, and 
low cost of upkeep. 


EFFORTS MADE TG DEVISE TESTS FOR QUALITY 


One of the major purposes of the research is to per- 
fect methods of test for the control of these types of 
material as used in road construction, Attention has 
been directed to a review of present standards and 
laboratory methods and to devising new tests and 
apparatus in promusing directions in addition to the 
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field experiments carried on im connection with the 
current construction and maintenance work of the 
Georgia Tighway Department. Much attention has 
been directed toward the study of the behavior of the 
clay ingredients. Experiments on clay have been made 
by cementing thin brass plates with clay films. The 
plates, 1 inch wide, are lapped to give 1 square inch of 
cemented surface and the break is made by a pull 
parallel to the surface. It was hoped to measure thus 
the adhesion of the clay to the plates, or the shear im 
the clay film, according to the observed fracture. 
Quantitatively this series of tests has been disappoint- 
ing. Qualitatively it has been significant of the in- 
fluence of water on clay pehiaaior: The vreatest 
adhesion was shown by wet films of stiff mud con- 
sistency. On drying in air, or completely by artificial 
heat, adhesion to the plates was rapidly lessened and 


completely destroyed when dry. The plates were 
clamped together strongly while drying, but to no 
avail. The test suggests that the plasticity and 


adhesion of clay are in large part the result of colloidal 
films established when water is present. 

Wet soil briquettes 1 square inch in area were 
molded in a divided mold and broken by a tension 
pull. Using increasing percentages of water, the 
breaking weights increased to a maximum and then 
diminished to zero. Considerable (ifferences are 
noted in the water capacity of different soils in that 
part of the curve where the tenacity is greatest; also 
in the absolute amount of the breaking weights. 

Of the soils tested, those with low clay content reached 
a maximum and stayed high with 22 per cent moisture, 
while those with a larger clay percentage yielded under 
less pull with about ‘15 per cent water. The test is 
quickly made and simple and has value in selecting 
soils which preserve their stability with high percent- 
ages of water. 

The test is applicable to dry briquettes, but here the 
tension. figure steadily increases with the percentage of 
clay and thus draws no line for samples carrying excess 
clay. 

A series of tests, consisting of the breaking of | by 
1 inch molded bars of soil 5 inches long, “has also 
been made. The soils were mixed to normal con- 
sistency—i. e., plastic enough to prevent packing 
when placed in the molds. The bars were dried in air 
or on a water bath. The 5-inch bars were broken on 
a 4-inch span by a transverse load applied at the 
third points. Most.of the bars ruptured at the center 
of the span or at the loaded points. Hach material 
was tested in’ duplicate bars. The short broken 
pieces, four for each material, were further broken in 
shear by a center knife-edge load on a 1-inch span. 
Fifty-four soils were tested. The range of breaks for 
the 4-inch spans was from 2,700 to 15,000 grams. 
About 60 per cent of these showed a. satisfac tory 
agreement of the duplicate breaks (within 10 per cent 
of the average). 

Those which broke in the center of the I-inch span 
yielded in every case by diagonal shear toward the 
point of support. The range of breaks was from 
6,000 to 80,000 grams. The four tests on each material 
gave stisfactory. agreement in 50 per cent of the soils 
tested. The extremely low breaks were associated 
with the poorer roads, but the medium and high 
breaks fol age no significant relation to the road 
history of the samples. 

A disk shear or punching test was devised and tried 
as follows: Disks of the soi 2 inches in diameter and 





J inch thick were molded from stiff mud under 3,000 
pounds total compression. When dried, the disks 
were placed in a punching cylinder to fit and fractured 
by a L-inch diameter stecl plunger acting in line with 
a I-inch hole in the bottom of the evlinder. Three 
disks were made for each material and 31 soils were 
tested. The breaking loads ranged from 425 pounds 
nunimun to 3,340 pounds maximum. The average 
agreement of the three disks for cach material was 
fairly wood. It was felt, however, that the ratio 
between the areas of plunger and disk is too large 
for best results. It is planned to repeat the test 
using 4-inch disks and a three-quarter inch plunger. 
A test of this kind is very promising, but the east of 
making the disks is considerable. 


A METHOD FOR THE DYE-ADSORPTION TEST 


The dye-adsorption test) for clays, as 


originally 
devised by the Bureau of Public Roads, 


has been 


applied in the Georgia work. Both erystal violet and 
methylene blue have been used as the adsorption color 
media. The standard filter tubes, as used by the 
bureau, and a colorimeter method have been used. 


The colorimeter adsorption method was devised in 
order to use directly a liquid sample from the clay 
washings. Comparative tests on clay which had 
been recovered i evaporation to dryness with the 
same Clay tested while still moist showed much higher 
adsorption in the latter case. Hence it was felt that 
if the clay washings could be used directly much time 
in recovering the clay would be saved and the adsorp- 
tion figures “would more closely represent the nature 
of the “original clay. The method proceeds as follows: 
The clay w washings are caught in a large jar and brought 
to known volume (say 2 liters) with distilled water. 
From the freshly and vigorously shaken liquid quickly 
take 25 cubic centimeter samples by a standard 
pipette. Kyaporate one sample to dryness to deter- 
mine the amount of clay in each sample. Place the 
other samples in flat-bottom glass flasks and add an 
excess of standard methylene blue solution (1:1000), 
recording the amount added. Bring the flask to 
vigorous boiling and continue for three minutes. 
Transfer and rinse the flask liquid into a cylindrical 
graduate and dilute with distilled water to fixed 
volume, 50 or 100 cubic centimeters. Allow this to 
settle until perfectly clear and take an accurate pipette 
sample for use in the colorimeter tube and compare 
by the usual colorimeter procedure. Having thus 
determined the residual amount of met thylene blue 
not adsorbed, this amount subtracted from the original 
addition will give the amount of methylene blue 
adsorbed. 

A batch of 12 st is easily carried on by this 
method and duplicate determinations are very close. 
The adsorption test is very delicate, dealing with min- 
ute actual weights of coloring matter and orobably 
influenced by the presence of small amounts 0 ionizing 
salts. To be significant in distinguishing clays, the 
test conditions must be ¥ ery carefully standardized. It 
is, however, one of the most promising tests yet pro- 
posed for differentiating substances like the clays. 

Following the Bureau of Public Roads methods for 
separation of the total clay into coarse clay and suspen- 
sion clay by means of the centrifuge, some work has 
been done on the Georgia road soils. As compared 
with other records, these” clavs seem to be quite low in 
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suspension clay. The tests are being continued and 
some of them repeated. An experiment is in progress 
to show whether the suspension clay is a fixed quantity 
Ina given sample or whether the coarser particles of 
clay can be made to pass into the colloidal suspension 
state. 

Another test has been recently planned for field use 
as the result of preliminary laboratory tests on large 
slabs of road soil. It may be called a penetration or a 
bearing- ~~ er test. A simple apparatus was devised 
by w lie 1a steel sh one-tenth inch in diameter could 
be loaded to a ly-ineh penetration when resting on 
a road fragment about 6 by 6 inches in size. Unit 
pressures from. 4 ,000 to 7,000 pounds per square inch 
were recorded on the dry specimens, and £,600 pounds 

ras held by a road soil with 15 per cent moisture as 
otal in the field, 

A field apparatus similar to an automobile jack but 
operated smoothly by screw power is being ma a with 
a penetration necdle (three sizes), a pressure indicator 
and a cut-off to regulate the penetration distance. 
Using’ the rear-axle w “eight of his car, the observer with 
this apparatus will be able to take a large number of 
bearing-power readings on the surface of ‘the road and 
at successive depths as desired by digging off the top 
material. fe will also take samples: “to be put into 
au-tight bottles for laboratory determination of mots- 
Cine ‘corresponding to the bearing-power tests. This 
proposal is similar to the more claborate subgrade 
apparatus in use by other investigators for bearing- 
power tests. 





HIGHWAY RESEARCH BOARD TO STUDY CONCRETE 


REINFORCEMENT 
The Highway . Research Board of the National 
Research Council announces the beginning of an 


investigation of the economic value of reinforcement in 
concrete roads. Director Charles M. Upham reports 
that the various State highway departments will coop- 
erate with the board in conducting the investigation, 
Inspections of pavements will be made in the States of 
New Jersey, Ohio, New York, Pennsylvania, Delaware, 
Wisconsin, Lowa, Illinois, and California, and in Wayne 
County, Mich., and Milwaukee County, Wis. 

An effort will be made to determine from a survey of 
existing roads the influence of steel reinforcement on 
the resistance of the slab to traffic, subgrade, and cli- 
matic conditions; the conditions under which stec! 
reinforcement is especially beneficial to a concrete slab ; 
the effect of slab design on the efficieney of reimforee- 
ment; and finally the relative cost of plain and rein- 
forced concrete roads, considering the initial invest- 
ment, and the annual maintenance and renewal charges. 

The procedure will consist of a personal examination 
of a sufficient number of existing road surfaces to cover 
different slabs, traffic, and climatic conditions. It 1 
proposed to supplement the examination by ety: 
graphs, sketches, soil determinations. and other avail- 
able data. In each case attention will be given to a 
study of the subgrade to determine its general charac- 
teristics and properties as well as the existing drainage 
conditions. . 

It is expected that a progress report will be ready for 
the annual meeting of the Advisory Board on [Highway 
Research to be held at the National Research Council 
Building, Washingten. D. C..eDesembermtaund sud@2d. 


N MAY, 1924, the Bureau of Public Roads forwarded 
to each of its district offices and to all State high- 
way departments a tabulation showing the results 

of compression tests on cores drilled from several con- 

crete pavements in each of four widely separated 

States. The test results indicated a lack of uni- 

formity in strength of the concrete taken from the 

several projects, "and the bureau requested those to 
whom the tabulation was sent to reply with sugges- 
tions as to ways and means of improving the uni- 
formity of concrete. 

Replies were received from 27 State highway de- 
yartments and practically all of the district offices. 

The replies have been analyzed and are now presented 


in tabular form for the information of those who par- 
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CAUSES OF NONUNIFORMITY OF CONCRETE 


A SYMPOSIUM 


ticipated in the discussion and for highway engineers 
in general. It was hoped by this means to bring out 
corrective measures of immediate practical applica- 
tion. While the opinions expressed are interesting in 
their variety, 1t must be conceded that the majority 
of the remedies suggested are cither quite obvious or 
lacking in the means of application. The divergence 
of the opinions is. at least, significant of the com- 
plexity of the problem of uniform conerete production. 

The subject as a whole is one of prime importance, 
and it is thought that publishing the information col- 
lected will suggest new lines of thought for some and 
perhaps stimulate investigation and research. All of 
this should ultimately be ‘conducive to better conerete 
and better pavements. 


Abstract of suggestions of State highway departments and district offices with regard to nonuniformity of concrete as demonstrated by the 
compressive strength of cores drilled from pavements 
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Causes of nonuniformity | 


Suggested by— 





Remedies for nonuniformity 























Seagne | District pee District 
States anvivene States offices 
1. Cement: lL. Cement: 
(a) Variation in cement from one plant ~~~ ~._.--.--_-_- 2 1 (Oy Beyondircasonablercortroles- ss eeeee nese eees eee 21 ee 
(b) Variation between different: brands.__._.-.--_- 3 wh GC) LUO opp? paves Lope aKal Cpl eh ORO! . kee ee see os ees ne! I 
(GYR SMO TER CR ACTIN OTN Dee css = cee ree ee yee ee nee aa ] 
2. Water: 2. Wiatier: 

(a) Variation in quality. _. anne Ane 

(6) Acidity or alkalinity —- Der aoe (b) Test with litmus paper. __-. Be oe tiiain’. aa at eee eee oe 
3. Aggregates: | 3. Aggregates: 

(OD Wb, hi anh eee oe oe a 7 6! (a) Educate material plant personnel. —_.--- : ll : 
Beyond reasonable control___..._-.-.-...-----.---- } 1 
RigidsinspectlOnlc. cess sss es) eee eo oer oe: 2 

, Wontrolibyarcstsessesee. eee eee ae 7 ee 

(b) Variation in cleanliness oe 2 | (b) Beyond reasonable control_.__.....-_-..----- J 2 

(OP Varlavion ima maliiiy. esse = 2 2 (OMBevondirexsonablercontno] eee eee ee hi ] 

: Control by tests_..------.2- pia Ske ee lof eee 
(d) Segregation of coarse aggregate in stock piles... 2. -- 2 Is (d) Stock pile in layers_........-.-.- sane 1: 1 
; ' Combine separate sizes at proportioning plant... a7 oS 1 
(c) Bulking of sand due to moisture____._-__..-.--_-- F 5 1 (c) Weigh aggregates and correct for moisture__-..------- | 1 
4. Construction processes: 1. Construction processes: 

(7) Variation in consisteney of concrete. .—- Paik j (CORES TTITORC St .— . een ee ne ee  o 2 ee 
Beyond reasonable control - ane : fl | 
acai eneecidsh Qe 9 gta goo anced eos cocuaasneG ceececes 2: | 
Accurately measure and proporti ion Water. ease 4 1 
Accurately control water for each batch- OA | Leet ae 
NEKO walt cOUly Mone im Cone em ee 10 nes eee 

Use moderately wet mix and then squeeze out excess i ees sae 
water. ae 
Clee observation by inspector and foreman ._...--_- LEE 
Use mixer which will discharge concrete of proper —..---...- i 1 
consistency. 
: : i Correct leaky valves on mixer__.-..-....-----_-- 2.) 2 ] 
(b) Tnaeecuracy in measuring aggregates. —.___- 12 ei (UIMREOWORUIONUD vanniele hte = = ane eee ee yo 3 
Measure accurately and uniformly by means of inde- to 
pendent measuring devices. 
Use accurate measuring devices. __..-.-....-- Sco teas Nae 
, : : : ; NGS CAD SUCHONS 2s csion oe es ec ie ee Sa e Ines 

(c) Segregation of concrete in niaer and in pavement... ia ae (QM lhinprovercontrolohecons SiGe wee = eee Vee a a 
ENVOTANCOTMU TAL PIM TMeeepO TNS = eee oe eee ee, 
Decrease maximum size of stone__..-.-.----- l =o 

—_— & /. Codey '43) CARES MOTT inp eS eee ee ee Soccer 7 1 

(2) Variation in time of mixing... - a iw CD) TRnkegical inesyByeyetg aya BMS. ee ee ce ae —— see 1 
| Require 114-minute mixing period__.-_..-.-...---___- Dit. aap 

Require 2-minute mixing period_.-.--_._.___._______- | 

' AON, |OMNIG I UMNO te Venere Sees e Oe Me eeeeeee co eameaaae acc OY 

; Require uniformly definite time of mixing_-.....-___- l |. se325 ee 

CO): COMMS Der NSIT... aes = SA eee  Se P ee ee ier | I Gap) 1ehetoy Youn Kasay GV Geace eg HU ONY Sheet) Ngee Se 1 

Cp ATURE ye TG URANO TIS 2 see ee ee = os eee 2 | IP) We) So enn VAG piyeoy oor OWONMIS, Soke eae 1 ieee = -. = eee 

(@) ‘Roajmuieh Gampiaigee. 2 be. oes ac see eee i Re (y) Yamp slightly with not too dry a mix_.-----.--_____- Oe Pe: 

(h) Tnsuiiiteionititamping: -_.. ... . ees cee = 4 jaws en eases : Cy WISE Taaeresokena veel Ten Guy OE ee ee ee 30 -oee 

f ; Rani IITO RM ecco: conse eae. oe Ll ieeeee eee 

(1) Userof boomeand-welketemiter........-....-.--...-.- ‘ ee a 

(j) WariablerGeittent fatter... ----sescceecsanse WW aeemeee’- | @) Gareinllinspetnongee.22s.--. 22.2 eee yee i: | ee 

(k) Equipment imspeorcondiviom..........2.....----.---- ' Wh oe 3 ' 

(1). Waeslationein! mcm ations: ---...---2--2-5-------_- te 1 (4) Avoid shoveling and handling after dumping _.__.__- 24. <3 oe 

a : WSCHDOOTIEA TCS (OUTG We USING Res. ae. oe eee ee I) |. 
- (m) Variation in pavement thickness_.....__......-.--.-- 1 il (m) Accurate subgrade and rigid inspection... __..________- Sa ee | 
oe: | 5. Curing: 

(a4) Variation in later curing due to wet and dry subgrades. 1 1 (a) Beyond reasonable control. __._..___..._-._...._..----- 1} | 

(6) One section shaded, another exposed to sun__._..__. i 1 (b) Beyond reasonable control_._.____-. i 1 

(Cc) ING@ROUANT TORI COMIN no rs ee ee | fi 3 

(d) Variation in nature of material used for cover. 1 2 

(e) Variabletabsonptionvor subgtndtsees..-......-_.___..- 2) 2 (e) Use tar paper on subgrade__...............-..----2. Perera . 1 

Cf) Tmasleqateleuipitigieene... segues. .....---.-.--- ee 5 2 (f) Pay more attention to proper curing... ---_-_..-__.. eee... 

Keep pavement wet for at least 14 days.....__.______- Lie . 
i Have contractor cover this item in his hid___.....-... el eee 

(g) Absorption by dry subgrade___...____- ee (g) Wettthetsiingradie: 22.0 lee) eee 1): {eee 

(h) ‘Temperature changes during curing period .. 2 _ 

(i) Temperature changes during construction period... __) (i) Protect work adequately during early fall__..--..-__. 1 jee 

(j) Rise or fall of temperature during settling period _—___ | : 

(A) RCC OHO LOZ ee. ene omer. cme Me j (k) Lay no pavement at 40° F. when temperature is falling. , le 
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Abstract of suggestions of State highway de partments and district offices with reqard lo nonuniformity of concrete 
aati mean: oh cores drille sii ag sani ments—Continued 


Suggested by— 


Causes of nonuniformity 
‘ District 
Solidi : 
fates offices 
I 
fi, Engineering supervision: | 
(a) Poor control and inspeetion 2. ~~~ 2-2 - , s oy 


1 


as demonstrated by the 


Suggested by -- 
Remedies for nonuniformity ——_ l. : 
District 


Ss ‘ 1S | z 
tates _ Offices 


6. Engineering supervision: 
(a) Require earefully supervised system of inspection 
wmtdresting.-.- 2. | 
Need high- Class, intelligent inspection and constant 
engineering iii | 
More rigid specifications and enforcement of same 
through efficient inspection._...........__-- 
WECM GCLIONE. 2. ....-8.--.-2-.----- 7 
Adequate inspection... .--.- 8 Se eee a eee 
Intelligent inspection... ...- ee. Seeded wate | 
More efficient and competent inspe ction . : 1 
Rigid inspection and control of materi: ls, ‘also accu- 


rate and complete inspeelion record ~~ ~--2..-.------ ' ee ae 
ita i 

(a) The minin feature yet to be perfected is the accurate measurement of the mixing water. . 2... ------ . ee 1 
(bh) study of design and specifications required to get uniform working conditions... ....-......---....--.---------------------.-.. . ~~ or | 
(c) Extend the laboratory work by relating the test record as nearly as practicable to construction conditions. ......_--_.._-_-..-..-.-.- ee 1 
(da) Study means of controlling v: ariable moistare contents of subgrade due to weather and soi! conditions -—___- Ire oor 
(e) Investigate means of allowing for bulking of sand due to moisture_.._...-..--__.---...----.-..---------- eee ] 
(f) Surface finish of pavement considered to be a factor of supreme importance Wooo ee = S50. ee eee l 
(g) Adequate and competent engineering supervision, and accurate proportioning of materials are the whole solution. 3 Soren Se Soak eee | 
(h) nine m concrete is eines obtained as a result of uniforth consistency and accurate measurement of materials on all contracts...-.-.--.-_-- i ee 


Abstract of comments on the compression test of cores and the use wall the lest results as an indication i the quality of concrete in pavements 


| 
Suggested by-— 


Comments on compression test 


dustin | LOUSTMGI, 
ce oet ) olfiees 


1, Inds of specimens not true planes perpendicular to vertical 3 i 
axis. 
2. Size of specimen not proportional to maximum size of coarse ] 
aggregate. 
3. Variation in speed of test - R} 
4, ee of specimens not giv en Broper “consideration pews 2 Ce 
5. Variable diameter of the core. eee” ee ee a: i 
i Variation in Weight of cores. .........-...-.... 7 : es 
me loiimytorcones by dll... seen: ass 33 
1 
| 


8. Personal equation of test operators a 
. ¥, Strain in specimen due to temper ature stresses 





pm arcu comment (From three States and two district offices): 


Suggested by— 


Remedies for inaccuracies of compression test 


; District 
States ed 
WAUOS otfices 
1. GivinGinlSeG GaSe... 2.2.2.2 - 8 ee ee 2 wee eneee, | ee o~ 
2. Cast some seetions of pavement 12 inches thick for drilling iceeea ee es 
cores, : ; 

2) UGS POMEL OMOMEOtMOUMINOBMM : —. . 0 ccacaesceeoccceamce ] 
| 7. WeSGhAlecltey liners fomeonrlyoages............-...---.---.- : Ir se 


9, Do not drill close to a fracture _ 


. Does the compression test on cores indicate the quality of conerete in the pavement? 


. The core test is unreliable as a criterion of the strength of concrete. 


a 


. Use compression test only in conjunction with test on beams. 


al 


. Investigation required to determine reliability of core test. 
Use beam tests instead of test on cores. 


=} 


The first and larger part of the tabulation is devoted 
to the opinions of ‘those who accept the results of the 
compression test on drilled cores as a measure of the 
strength of the concrete in’ the pavement. The 
numerous recommendations for rigid inspection and 
close field control stand out prominently among the 
remedies suggested. This factor, undoubtedly of vital 
nnportance, Is mentioned by some States in which in- 
spection and control are notoriously weak, which sug- 
gests the question as to why, if the weakness is recog- 
nized, the necessary steps are not taken to correct the 
faulty conditions. By comparison of paving work in 

various localities it 1s quite apparent that the additional 
in of intelligent inspection and a well-planned control 
of materials and construction is a profitable invest- 
ment, which is reflected im the qualitw of the pave- 
ments. Without adequate control no scheme for pro- 
dueing better pavements can be properly administered 
or enforced, 

Ittis of special interest to note that one State claims 
to obtain uniform concrete as a result of uniform con- 
sisteney and accurate measurement of materials. This 
claim. is supported by the results of core tests on a num 
ber of pavements. 

The second part of the tabulation deals with the 

validity of the compression test on cores. Certain fac- 
tors are pointed out which may influence the test re- 


. The nature of the specimen and the method of test make the core test unreliable. 
. More reliance should be placed on the tensile-strength test than on the compression test. 


. Use average of three cores from one locality for the equivalent of one core result. 


sults to a considerable extent, and it is well that atten- 
tion be direeted toward them. Definite objection ts 
also expressed to the poliey of using the results of core 
tests as an indication of the strength of the concrete. 
It still remains to be demonstrated that the beam test is 
a better or more reliable criterion than the i lal 
test on cores. If it is eventually accepted that the 
beam. test is superior, it will then be necessary to de- 
velop some convenient and practical method for obtain- 
ing beam specimens from the pavement. It is not 
contended that pavements fail under static load by 
direct compression, but on the basis of present informa- 
tion it seems reasonable to use the results of tests on 
cores In a comparative manner for any one pavement 
usa measure of the strength of the concrete. 

The methods employed in constructing the average 
conerete pavement are ino themselves the most con- 
vineing evidence that there must be a considerable 
nonuniformity of conerete. The variation in grading 
of the coarse aggregate, the lack of accuracy in meas- 
uring ager cvates, the variable consiste ney, the shovel- 
Ing of mortar from fresh batehes to supply deficiencies 
in preceding batches, and inadequate or nonuniform 
curing are some of the main factors which can be veri- 
fied by mere inspection and which are apt to contribute 
to variation in the strength of the concrete. How to 
correct. or Improve on these conditions is the problem. 


ee 
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ROAD MATERIAL TESTS AND INSPECTION NEWS 





'. EVE LIMITS FOR THE MECHANICAL ANALYSIS OF SUBGRADE SOILS 


The subgrade laboratory of the Bureau of Public 
Roads has been endeavoring for some time to stand- 
ardize the tests used in determining the physical prop- 
erties of subgrade soils. One of the essential tests is 
the mechanical analysis of the soil, and in the considera- 
tion which has been given to this test the principal 
question has been that of the choice of sieves. 

The United States Bureau of Soils im all its analyses 
has employed metric sieves, which separate the soil nto 
constituents the size limits of which are expressed in 
millimeters. The sieves generally used in highway 
practice for the analysis of sands, topsoils, and sand- 
clay mixtures have sizes of opening which are defined 
by the number of meshes to the inch, and the sizes of 
opening thus defined differ materially from those em- 
ployed by the Bureau of Soils. 

Notwithstanding the fact that much of the work of 
previous soil investigators has been based on the metric 
system, it has been deemed advisable, after careful con- 
sideration, to employ the same sieves for subgrade soil 
investigations as for the analysis of other highway mate- 
rials, mainly because they are already a part of the 
equipment of highway testing laboratories, and because 
analyses made with them are more intelligible to the 
highway engineer. 

The analyses published in this issue of PusBxic 
Roaps, in the article entitled ‘*Reimforcing and the 
subgrade as factors in the design of concrete pave- 
ments,’ were made with Tyler standard mesh sieves. 
It will be noted that the openings are defined by the 
number of meshes to the inch. The fractions desig- 
nated as clay and silt are those which pass the 200-mesh 


sieve, and they are separated by subsidence in water 


according to a method which classifies particles whose 
diameter is 0.010 millimeter and less as clay and above 
that size as silt. The desirability of adopting one 
method for all subgrade analyses will be perceived if 
the reader will compare the above analyses with those 
published in the August issue of this magazine in the 
article entitled ‘* Practical field tests for subgrade soils.” 
The latter analyses were made with metric sieves ac- 
cording to the method followed by the Bureau of Soils. 

It will be noted, for example, that in the important 
matter of determining the percentage of clay the two 
methods of analysis give different percentages because 
the particles designated as clay by the two methods 
have different maximum sizes. As stated in the foot- 
note on page 4, the maximum size of the clay particles 
in the Bureau of Public Roads analysis is twice as great 
as the size of particles so designated by the Bureau of 
Soils method using metric sieves. It naturally follows 
that the pereentage of clay indicated by the Bureau of 
Puble Roads method is considerably greater than the 
dureau of Souls method shows. The difficulty of eom- 
paring the results of the two methods is illustrated by 
the parallel grouping of the limits of the two methods 
in the next column. 


Relation between metric sieves and Tyler standard mesh sieves 





Analysis by metric sieves Analysis by Tyler standard 
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By plotting the mechanical analysis obtained by 
either method as a cumulative percentage curve it Is 
possible to convert one analysis into terms of the other. 
although the values obtamed are, of course, only 
approximate. The abscissae of such a curve would 
represent the sieve sizes in millimeters, and the ordi- 
nates cumulative percentages passing the respective 
sieves. The conversion is made by reading from the 
curve the cumulative percentages represented by the 
ordinates of the points at which the curve is cut by 
perpendiculars to the horizontal axis representing the 
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size limits of the other system of sieves. By subtract- 
ing the cumulative percentages thus obtained for each 
sieve from the corresponding percentages for the next 
larger sieves the percentage retained on each sieve is 
obtained, 

The result of converting two of the analyses in 
Table 2, page 4, into the form im which they would 
appear if the analyses had been made with metric 
instead of with Tyler standard mesh sieves is shown 
below. 

Mechanical analysis 
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The analyses published in this issue were made with 
Tyler sieves and these analyses have, been used by way 
of example in the foregoing comparisons. — These sieves 
are used at present by the Bureau of Public Roads 
laboratory, but the bureau does not wish to imply that 
the Tyler seale should be adopted as the standard for 
highway work. On the contrary, as stated in_ the 
April issue of Pusiic Roans, the bureau believes that 
the Bureau of Standards sereen scale should be generally 
adopted and is prepared to conform to that scale as 
soon as it is accepted. In all likelihood it will ulti- 
mately be adopted by the American Society for Testing 
Materials and the American Association of State High- 
way Officials, and the bureau is hopeful that such 
~aetion will be taken with as little delay as possible. 


(Continued from page 15) 
prone to take advantage of bidding of this sort and 
often widen cuts to secure extra material because, 
under the accepted bid, it is as cheap to do this as it 


Io 
Se 


is to borrow alongside and, in their opinion, better for 
the road. As a matter of fact, under an average unit 
price bid such as the above, the contractor is fairly cer- 
tain to lose on the longer hauls involved in extra work 
Innalt with material secured in the cuts. On the other 
hand, under this system of bidding the State pays too 
much for extra material seeured from side borrow. 
Ifenece, it would seem to be better for every one con- 
cerned if a correct differentiation were made between 
exeavation and borrow and if overhaul were bid in at a 
correct figure. The following indicates the method 
which may be pursued in making such a differentiation 
and shows the relationship which really exists between 
the cost of side-horrow and excavation on an ordinary 
fresno project. Overhaul is also caleulated as aseparate 
item, a& 200-foot free haul (center to center of mass rule) 
being assumed. The details of the reeast are not given.. 


\ 





cee. Bid Com- 
a cM nnn price on puted 
Ttem Unit, Amount ana of 10 work at unit 
eo frasmees $156.50 price 
nee ‘ per day bid 
assumed 
7 inyds, Days Cents 
Bomowees = 9) Gubichrandss saver) |) 590m. 2! 30 $4, 695 13.3 
[BAGEL Olen es em Serilenren | lingemallinzs 76.6 11, 988 20, 4 
Overhaul. _- Cubic yards 32,827.9 | 32,827. 0 16. 4 2, 667 8 
per station. 
Total. - _ _ 246, 050, 98 | 123 20) | 
| ' 


From the standpoint of the officials responsible for 


design, bids which differentiate between excavation and 
borrow should be of considerable value for they would 
at once place a large premium on careful design involy- 
ing the avoidance of all unnecessary haul if fresnoes are 
to be used. From the standpoint of the contractor a 
bid of this kind is equally of advantage for while 
working under it field changes can not deprive him of 
his profit as sometimes happens when borrow and 
excavation are taken at the same price and the engineer 
decides to substitute excavation (wider cuts) for a large 
part of the borrow. This style of bidding is, then, of 
value to the State and is a real protection to the con- 
tractor’s profits. 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets 
nor to send free more than one copy of any publication to any one person. The editions 
of some of the publications are necessarily limited, and when the Department’s free supply 
is erhausted and no funds are available for procuring additional copies, applicants are 
referred to the Superintendent of Documents, Government Printing Office, this city, who 
has them for sale at a nominal price, under the law of January 12, 1895. Those publica- 
tions in this list, the Department supply of which is exhausted, can only be secured by 
ana ae the Superintendent of Documents, who is not authorized to furnish pub- 
ications free. 


REPORTS 


Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 
Report of the Chief of the Bureau of Public Roads for 1920. 
Report of the Chief of the Bureau of Public Roads for 1921. 
*Report of the Chief of the Bureau of Public Roads for 1922. 5c. 
*Report of the Chief of the Bureau of Public Roads for 1923. 5c. 


*463. 


DEPARTMENT BULLETINS 
Progress Report of Experiments in Dust Prevention 
*136. Highway Bonds. 20c. 
220. Road Models. 
257. Progress Report of Experiments in Dust Prevention 
Methods for the Examination of Bituminous Road 
Materials. 10c. 
*347. Methods for the Determination of the Physical 
*370. The Results of Physical Tests of Road-Building Rock. 
15c. 
386. Public Road Mileage and Revenues in the Middle 
387. Public Road Mileage and Revenues in the Southern 
States, 1914. 
388. Public Road Mileage and Revenues in the New 
Public Road Mileage and Revenues in the Central, 
Mountain, and Pacific States, 1914. 15c. 
390. Public Road Mileage in the United States, 1914. A 
Summary. 
*393. Economic Surveys of County Highway Improvement. 
407. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 
Earth, Sand-Clay, and Gravel Roads. 15c. 
*532. 
Concrete Roads. 10c. 
*537. The Results of Physical Tests of Road-Building Rock 
in 1916, Including all Compression Tests. 5c. 
*555. 
and Methods of Sampling for Road Materials. 10c. 
*583. Reports on Experimental Convict Road Camp, Fulton 
County, Ga. 25c. 
*586. 
and Road Preservation, 1916. 10c. 
*660. Highway Cost Keeping. 10c. 
670. The Results of Physical Tests of Road-Building Rock 


No. 105. 
and Road Preservation, 1913. 
and Road Preservation, 1914. 
*314. 
Properties of Road-Building Rock. 10c. 
Atlantic States, 1914. 
England States, 1914. 
*389. 
35¢c. 
The Expansion and Contraction of Concrete ana 
Standard Forms for Specifications, Tests, Reports, 
Progress Reports of Experiments in Dust Prevention 
in 1916 and 1917. 


*691. Typical Specifications for Bituminous Road Materials. 
15c. 

*704, Typical Specifications for Nonbituminous Road Ma- 
terials. 5c. 

*724. Drainage Methods and Foundations for County 
Roads. 20ce. 


No.*1077. Portland Cement Concrete Roads. 15c. 
*1132. The Results of Physical Tests of Road-Building Rock 
from 1916 to 1921, Inclusive. 10c. 
1216. Tentative Standard Methods of Sampling and Test- 
ing Highway Materials. 


DEPARTMENT CIRCULAR 
No. 94. TNT as a Blasting Explosive. 


FARMERS’ BULLETINS 


No. *838. Macadam Roads. 5c. 
*505. Benefits of Improved Roads. _ 5e. 
*597. The Road Drag. 5c. 


SEPARATE REPRINTS FROM THE YEARBOOK 


No.*727. Design of Public Roads. 5c. 
*739. Federal Aid to Highways, 1917. 5c. 
*849. Roads. 5c. 


OFFICE OF PUBLIC ROADS BULLETIN 


No, *45. Data for Use in Designing Culverts and Short-span 
Bridges. (1913.) 15c. 


OFFICE OF THE SECRETARY CIRCULARS 


No. 49. Motor Vehicle Registrations and Revenues, 1914. 
59. Automobile Registrations, Licenses, and Revenues in 
the United States, 1915. 
63. State eee Mileage and Expenditures to January 
1, 1916. 
*72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 5c. 
73. Automobile Registrations, Licenses, and Revenues in 
the United States, 1916. 
74. State Highway Mileage and Expenditures for the Cal- 
endar Year 1916. 
161. Rules and Regulations of the Secretary of Agriculture 
for Carrying out the Federal Highway Act and 
Amendments Thereto. 
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Have you ever Stood 
By the Seashore? 


AVE YOU EVER STOOD BY THE SEASHORE and watched the 
progress of an ocean liner way off near the horizon? If you have you will 
remember that it scarcely seemed to move at all, although you were sure it was 
moving, and moving swiftly too. You recall that when you turned your eyes away 


for a time and then looked back you found it in an entirely different quarter. 


ROGRESS IN THE IMPROVEMENT OF AMERICA’S HIGHWAYS 

is very much like the motion of that ship. The immensity of the task ahead 
makes our best efforts, somehow, seem poor and weak indeed. Although Federal- 
aid roads are being completed at the rate of nearly 10,000 miles a year and an 
equal mileage, perhaps, is built on the Federal aid system each year without 
Government assistance, the ultimate improvement of the main system and the neces- 
sary auxiliary roads seems sometimes discouragingly remote. When you feel that 
way just look back ten years and you will find in the tremendous improvement 
of American roads during that period the encouragement you need. ‘There is 
now a definite program of construction in all States. Every road improved in 
accordance with the program forges another link in the system. Section by 
section the gaps in the projected network are filled in. Mile by mile the sections 
of improved roads draw toward each other; and one fine day we shall come to 


the realization that we have been building better and more swiftly than we knew. 


Ne ANY OF THE STATES that stand near the head of the highway 


procession and they will tell you that there is only one opinion about highway 


improvement when the gaps begin to close. 
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